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MONTHLY     NOTES   ON    NAVAL   PROGRESS   IN   CONSTRUCTION   AND   ARMAMENT. 

BY 

N.  I.  D. 


T  is  generally  assumed 
that  at  this  time  of 
the  year  the  Naval 
Estimates  are  in 
course  of  prepara- 
tion by  those 
officials  who  are  not 
enjoying  their  holi- 
days ;  and  for  several 
reasons  special 
interest  attaches  to 
the  Estimates  to  be  presented  to  Parliament 
next  year.  In  the  first  place,  if  general  expecta- 
tion be  fulfilled,  these  Estimates  should  exhibit 
some  mark  of  the  mind  of  the  new  Director  of 
Naval  Construction.  This  in  itself  would  direct 
particular  attention  to  the  votes  which  cover 
shipbuilding  and  design,  but  in  addition  there 
are  questions  connected  with  the  struggle  for 
supremacy  between  guns  and  armour,  with  the 
relative  value  of  speed,  and  with  the  most 
efficient  and  economical  method  of  generating 
steam,  which  cannot  fail  to  give  these  matters 
additional  importance.  It  is  in  taking  into 
consideration  the  trend  and  bearing  of  each 
change  in  its  relation  to  these  questions 
that  the  difference  lies  between  the  professional 
aspect  and  the  point  of  view  of  the  public.  It 
is,  perhaps,  only  natural  that  what  we  may 
term  the  casual  observer  of  naval  affairs  should 
be  inclined,  on  learning  that  a  new  ship  is  to  be 
built,  to  limit  his  regard  to  the  more  prominent 
characteristics,  and    to   base    his    estimate    of 


improvement  or  otherwise  upon  a  comparison  of 
these  with  the  similar  characteristics  of  other 
vessels  of  the  same  or  like  classes.  The  result 
of  such  casual  and  misleading  comparisons 
must  be  familiar  to  all  students  of  naval  affairs 
who  watch  the  daily  and  weekly  press  and  the 
magazines  intended  for  general  reading.  The 
outgrowth  takes  the  shape  commonly  of  articles 
in  which,  for  instance,  displacement  alone  is 
sometimes  regarded  as  the  essential  factor  for 
purposes  of  comparison  between  rival  ships 
or  rival  fleets,  sometimes  gun  power,  and 
sometimes  speed.  It  is,  indeed,  true  that 
each  of  these  attributes  and  others,  such 
as  coal  endurance,  may  in  turn  become 
the  chief  factor  of  immediate  efficiency, 
but  a  more  intelligent  appreciation  will  be 
formed  by  taking  into  account  all  the  elements 
which  contribute  to  the  effectiveness  of  a  ship 
of  war,  in  relation  to  the  duties  required  of  the 
vessel.  It  may  be  as  well  then  to  summarise 
here  the  several  qualities  which  in  a  greater  or 
less  degree  are  combined  to  make  up  v/hat  has 
been  called  battle-worthiness. 

QUALITIES  DESIRABLE   IN  SHIPS    OF  WAR. 

It  will  be  readily  understood  that  the  import- 
ance of  each  of  these  qualities  varies  relatively 
to  the  duties  which  each  ship  may  be  called 
upon  to  perform,  and  that  in  our  enumeration 
of  them  they  are  not  placed  in  order  of  value  as 
regards  any  particular  class.  Displacement  is 
primarily  a  measure  of  the  vessel's  power  to 
carry  a  certain  weight,  which  weight  may  be 
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distributed  in  various  ways.  It  is  possible  to 
imagine  two  ships  of  precisely  the  same  dis- 
placement, yet  of  entirely  unequal  value  so  far 
as  battle-worthiness  is  concerned.  The  fleets 
of  all  the  Powers  may  be  made  to  yield  examples 
demonstrating  the  misleading  nature  of  com- 
parison by  displacement  alone.  Offensive  power 
is  a  quality  which  may  be  given  by  guns, 
torpedoes  or  other  weapons,  or  by  several 
kinds  together,  and  may  be  affected  in  a  marked 
degree  by  the  distribution  of  these  weapons. 
The  method  of  placing  the  guns  in  a  ship  may, 
and  generally  does,  have  an  important  bearing 
on  her  tactical  use.  Defensive  poiver  depends 
mainly  on  the  resisting  value  of  armour  to 
projectiles  and  its  extent  and  distribution  in 
relation  to  the  vulnerable  and  vital  parts  of  the 
ship.  Locomotive  power  includes  speed,  coal 
endurance,  the  economy  and  efficiency  of  the 
boilers  and  machinery,  with  the  very  important 
quality  of  being  able  to  proceed  rapidly  from  a 
position  of  rest  to  one  of  action ;  in  other  words, 
to  raise  steam  with  the  least  possible  delay. 
Handiness  involves  satisfactory  steering  power, 
obedience  to  the  helm,  and  steadiness  in  relation 
to  the  course,  which  is  not  to  be  found  to  the 
same  extent  in  all  vessels.  As  is  now  well  known, 
every  ship  may  be  said  to  have  her  own  idio- 
syncrasies in  this  connection,  and  until  these 
have  been  discovered,  the  handiness  of  the 
ship  cannot  be  developed  to  its  fullest  extent. 
Sea-worthiness,  in  itself  a  combination  of 
elements,  is,  it  goes  without  saying,  essential 
to  every  ship.  In  a  war  vessel  it  includes, 
amongst  other  things,  steadiness  as  a  gun  plat- 
form, and  habitability  for  the  crew  in  a  reason, 
able  measure.  Last,  but  not  least,  there  is  **  the 
man  behind  the  gun,^^  a  comprehensive  term, 
which  may  be  said  to  include  eftkiency  in 
numbers,  in  discipline,  and  in  training,  of  the 
vessel's  officers  and  men.  As  has  been  very 
truly  said,  it  will  be  of  very  little  account  in  the 
day  of  battle  for  the  ship  to  have  been  well 
designed,  for  her  engineers  to  have  brought  her 
to  the  place  of  action,  and  for  her  guns  to  be  of 
the  very  latest  model,  if  it  be  then  found  that 
her  men  cannot  shoot  straight  and  hit  the  enemy. 
At  another  time  we  may  consider  the  relative 
importance  of  the  various  elements  we  have 
described  in  those  various  classes  of  vessels  whose 


duties  differ  as  widely  as  do  those  of  a  battle- 
ship and  a  torpedo-boat.  One  word,  however, 
may  be  said  on  the  need  for  homogeneity  in 
regard  to  the  proportion  of  each  element  in  each 
class  of  vessel.  It  should  be  obvious  that  it  is 
useless  in  a  group  of  vessels  intended  to 
manoeuvre  and  fight  together  to  make  large 
differences  in  their  respective  powers,  whether 
for  offence,  defence,  locomotion  or  handiness. 
Any  such  differences  must  result  in  waste  of 
power,  and  waste  is  abhorrent. 

GREAT    BRITAIN. 

The  two  most  important  vessels  in  the  pro- 
gramme of  1900- 1901  were  the  battleships 
Queen  and  Prince  of  Wales.  These  vessels  have 
not  previously  been  described  in  these  Notes, 
and,  as  they  present  some  novel  features,  the 
following  characteristics  will  be  useful  for  pur- 
poses of  comparison :  The  displacement  is 
15,000  tons,  which  is  also  that  of  the  Formidable 
class.  The  length  is  400  ft.,  breadth  75  ft.,  and 
mean  load  draught  26  ft.  9  in.  The  armoured 
protection,  which  is  also  similar  to  that  in  the 
Formidable,  consists  of  a  9  in.  belt,  commencing 
from  the  after  barbette  and  running  forward 
to  within  30  ft.  of  the  bow,  where  it  is  con- 
tinued right  forward  with  a  thickness  of  2  in. 
of  armour.  At  its  after  end  there  is  a  curved 
transverse  bulkhead  of  12  in.,  armour  protection 
being  continued  to  the  stern  by  a  deck  2  in.  on 
the  slope  and  i  in.  on  the  flat,  which  extends 
the  entire  length  of  the  vessel.  The  belt  itself 
is  15  ft.  deep,  and  there  is  no  bulkhead  forward. 
The  barbettes  carrying  the  principal  guns,  two 
12  in.  50-ton  wire- bound  breech-loaders  in  each, 
are  protected  by  armour  varying  in  thickness 
from  6  in.  to  12  in.,  the  hoods  of  the  barbettes 
varying  also  in  thickness  from  8  in.  to  10  in. 
The  secondary  armament  of  these  vessels  differs 
from  that  in  the  Formidable  class  ;  the  former 
being  provided  with  eight  75  in.  quick-firing  and 
ten  6  in.  guns,  the  casemates  for  these  pieces 
having  6  in.  plates.  As  designed,  these  are  the 
last  British  battleships  to  carry  their  secondary 
armaments  in  casemates.  The  machinery  is 
practically  identical  for  the  two  ships,  and  will 
consist  of  two  sets  of  the  inverted  three-cylinder 
triple-expansion  type,  arranged   to  work   twin 

(Continued  on  fat^c  255.) 
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screws  of  17  ft.  6  in.  in  diameter.  The  cylinders 
are  31*5  in.,  51*5  in.,  and  84  in.  in  diameter 
respectively,  with  a  4  ft.  3  in.  stroke.  The 
number  of  revolutions  when  developing  15,000 
h.p.  is  calculated  to  be  108  per  minute, 
and  when  developing  the  contract  power  of 
20,000  h.p.  is  estimated  to  give  a  speed  of 
19  knots.  Steam  will  be  given  in  the  Prince 
of  Wales  by  twenty  water-tube  boilers  of  the 
Belleville  type,  placed  in  three  compartments, 
but  in  the  Queen  the  type  of  boiler  chosen  is  that 
of  Babcock  and  Wilcox. 

Armoured  cruisers  of  the  "  County  "  class,  of 
which  mention  has  already  been  made  in 
previous  issues,  are  now  coming  to  the  front, 
the  Bedford  being  the  most  advanced,  having 
already  undergone  some  of  her  trials  at  Devon- 
port.  The  other  vessels  of  the  class  are  the 
AV///,  laid  down  at  Portsmouth,  February  12th, 
1900,  and  launched  March  6th,  1901.  This 
vessel  is  now  being  pressed  forward.  The 
Essex^  laid  down  at  Pembroke  January  ist,  1900, 
was  launched  August  29th,  1901,  and  should 
soon  be  ready  for  her  trials.  The  Monmouth^ 
building  by  the  London  and  Glasgow  Ship- 
building Company,  was  launched  on  Novem- 
ber 13th,  1901  ;  the  Lancaster^  building  at 
Els  wick,  on  March  22nd,  1902.  The  Cornwall  ^ 
building  at  Pembroke,  is  to  be  ready  for 
launching  in  October.  The  Suffolk^  laid  down 
at  Portsmouth,  March  25th,  1901  ;  the  Berwick^ 
building  by  Messrs.  Beardmore;  the  Cumberland^ 
by  the  London  and  Glasgow  Company  ;  and  the 
Donegal^  by  the  Fairfield  Company — ten  in  all. 
There  are  also  six  vessels  of  the  "  County " 
class  ordered  to  be  built,  but  with  slightly 
different  design.  These  are  the  Devonshire^ 
building  at  Chatham,  and  the  Antrim,  ^^'gyll^ 
Hampshire^  Carnan'on^  and  Roxburgh. 

It  will  be  remembered  that  in  last  year's  pro- 
gramme reference  was  made  to  a  new  class  of 
*'  scouts,"  and  in  connection  with  these  vessels 
it  was  proposed  to  revert  to  the  method  used  in 
the  case  of  the  torpedo-boat  destroyers.  The 
private  shipbuilders  of  the  country. were  asked  , 
to  give  the  Admiralty  the  benefit  of  their 
creative  ingenuity  by  submitting  designs  to  fulfil 
certain  stated  conditions.  These  designs  have 
now   been  received,   and  it  is  expected    that 


before  long  the  First  Lord  will  make  an 
announcement  in  regard  to  the  distribution  of 
the  tenders  for  these  vessels. 

FRANCS. 

Reference  has  already  been  made  in  these 
notes  to  the  influence  upon  the  progress  of  the 
French  Navy  of  a  change  in  the  Ministry  or  of 
the  Minister  responsible  for  the  Navy.  M. 
Pelletan  had  hardly  succeeded  M.  de  Lanessen 
before  indications  were  apparent  that  such  a 
change  was  imminent.  Of  the  six  battleships 
authorised  by  Parliament,  two  were  to  be  built, 
and  the  contracts  had  been  signed  with  ,tbe 
Chantiers  de  la  Gironde  and  the  Chantier^  dc 
la  Mediterranee  for  their  construction,  v  M. 
Pelletan  has  now  notified  the  contractors  that 
the  financial  state  of  the  country  does  not 
encourage  the  hope  that  money  will  be  avail- 
able for  these  vessels.  Whether  he  will  be 
able  to  divert  the  amounts  voted  to  other  pur- 
poses has  yet  to  be  seen,  but  that  delay  in  the 
completion  of  these  vessels  will  result  is  fairly 
certain.  In  the  meantime  it  is  announced  that 
the  battleship  Rcpublique  will  be  launched  on  , 
September  4th,  at  Brest ;  and  as  by  the  previous  V 
arrangements  the  Democratie  was  to  take  her 
place  on  the  slips,  we  may  then  have  an  indica- 
tion of  how  far  M.  Pelletan^s  ideas  will  prevail. 

With  the  laying  down  of  the  two  armoured 
cruisers,  Jules  Michclel  and  Ernest  Renan,  the 
naval  programme  of  1900  may  be  said  to  have 
been  completed,  so  far  as  this  class  of  vessel  is 
concerned.  The  demand  of  the  Superior 
Council  was  for  three  divisions  of  eight  vessels 
eich,  but  provision  was  only  made  for  twenty- 
three.  In  these  twenty-three  cruisers  there  are 
eight  different  types,  of  which  four  were 
mentioned  in  the  first  issue  of  this  magazine, 
the  others  being  the  Dupuy  de  Lome,  of  6,300 
tons  displacement ;  the  Amiral  Chanter,  of  4,700 
tons  ;  the  Poihuau,  of 5,300 tons  ;  z.Vidihe  Jeanne 
d'Arc,  of  11,200  tons  displacement.  The  last- 
named  were  the  heaviest  vessels  until  the  Leon 
Gambelta  class  was  designed,  and  it  is  to  this 
class  that  the  Michelcl  and  Renan,  of  12,500  tons 
each,  belong.  These  five  vessels  are  estimated 
to  cost  ;^ 1, 200, 000  each. 

On  July  24th  the  Gnome  submarine  was 
launched  at  Rochefort.    This  vessel  is  135-8  ft. 
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tong,  9'5  beam,  with  a  draught  of  9*5  ft.  Her 
displacement  is  185  tons ;  she  is  expected  to 
have  12*5  knots  speed  awash,  and  9  knots  when 
submerged.  She  is  one  of  the  largest  class  of 
submarines,  her  sister  ships  being  the  Farfadetj 
Korrigany  and  Lutitt. 

QKRMANY. 

Last  month  we  referred  to  the  new 
type  of  German  battleship,  of  which  four 
are  in  hand.  These  are  H.,  commenced  at 
the  Germania  Yard,  Kiel,  on  October  24th, 
1901  ;  J.,  which  is  in  hand  at  Dantzig  ; 
K.,  which  is  to  be  built  at  the  Vulcan 
Yard,  Stettin  ;  and  L.  at  the  Germania  Yard. 
These  are  the  largest  battleships  yet  put  in  hand 
in  Germany.  The  displacement  is  13,200  tons, 
as  compared  with  the  11,800  tons  of  the 
Wittelsbach  c]^ss.  The  length  is  398  ft.  6  in.,  the 
beam  72  ft.  10  in.,  and  the  draught  25  ft.  10  in., 
all  of  which  dimensions  show  an  increase 
upon  those  of  the  previous  type  of  battleship. 
These  vessels  will  have  a  complete  belt 
of  armour  of  9  in.,  and  4  in.  of  Krupp 
steel  with  the  armoured  deck  curved  down 
to  the  lower  edge  of  the  belt  for  further  pro- 
tection. Above  the  side  armour  will  be  armour 
for  the  citadel,  and  above  this  again  an  armoured 
battery,  in  which  will  be  mounted  ten  67  in. 
quick-firers.  Four  similar  guns  will  be  mounted 
in  the  citadel  in  turrets  at  the  four  corners, 
while  two  barbettes  at  either  end  will  mount 
two  guns  of  II  in.  calibre  each.  These  gun 
positions  will  be  protected  with  10 in.  of 
Krupp  steel,  and  the  bases  of  both  barbettes 
and  turrets  will  be  well  protected.  Of  six 
torpedo  tubes,  five  will  be  submerged.  The 
boilers  of  these  ships  will  comprise  a  proportion 
both  of  the  cylindrical  and  water-tube  types, 
and  the  engines  are  to  be  capable  of  developing 
16,000  h.p.,  giving  a  speed  of  19  knots.  The 
normal  coal  capacity  is  800  tons.  Six  torpedo- 
boat  destroyers  have  been  ordered  of  Schichau. 
These  vessels,  to  be  numbered  114  to  119, 
will  be  of  350  tons  displacement,  6,000  h.p. 
and  28  knots  speed. 

RU88IA. 

Reference  was  made  in  the  July  issue  to  the 

battleship  Orel  of  the  new  programme,  building 

at  Galemy    Island.      This    vessel,    begun    on 

June  2nd,  1900,  was  launched  on  July  20th,  when 


about  56  per  cent,  of  the  work  on  her  had  been 
completed.  Her  length  will  be  398  ft.  11  in., 
beam  76  ft.,  draught  26  ft.,  displacement  13,516 
tons.  The  engines,  of  15,800  h.p.,  will  be 
supplied  by  twenty  Belleville  boilers  and 
give  a  speed  of  18  knots.  The  armament 
comprises  four  12  in.,  twelve  6  in.  quick-firing, 
twenty  2*9  in.,  and  several  smaller  guns,  besides 
four  torpedo  tubes,  two  of  which  are  submerged. 
Some  of  her  armour  is  to  be  supplied  by  the 
Carnegie  Steel  Company,  and  a  recent  trial  was 
made  of  test  plates  in  the  United  States.  These 
plates  were  of  4  in.,  treated  by  the  Krupp 
process.  A  4  in.  gun  and  a  Wheeler  Sterling 
projectile  of  33  lbs.  were  used  for  the  trial. 
Four  rounds  were  fired,  the  last  with  a  capped 
projectile.  The  striking  velocity  of  the  four 
rounds  was  respectively  1,837  ^^-  sec,  1,845  ft.  sec, 
1,830ft. sec,  and  1,834ft. sec;  and  the  energy 
was  771  ft.  tons,  778  ft.  tons,  766  ft.  tons,  and 
769  ft.  tons.  The  last  made  a  clean  hole  through 
the  target.  The  battleship  Kniaz  Polemkin 
Tavrichesky^  which  was  begun  at  Nikolaiev  on 
December  7th,  1897,  ^^id  launched  on  October 
9th,  1900,  has  now  been  sent  to  Sebastopol  to 
be  completed.  The  length  of  this  vessel  is 
378  ft.  6  in.  over  all,  and  at  the  water-line 
371  ft.  2  in.  Her  beam,  73  ft ;  draught,  27  ft. ; 
displacement,  12,600  tons.  Steam  is  provided 
by  Belleville  boilers,  one  group  heated  by  coal 
and  the  other  by  petroleum.  Her  coal  capa- 
city is  760  tons,  and  petroleum  storage  580 
tons.  The  engines,  of  10,600  h.p.,  are  to 
give  her  a  speed  of  16  knots.  Her  armoured 
belt  extends  237  ft.  amidships,  having  a  thickness 
of  9  in.,  and  is  continued  to  the  ends  fore  and 
aft  with  a  thickness  of  3  in.  Over  this  is  a  strip 
6  in.  thick,  extending  for  a  distance  of  156  ft. 
amidships,  and  above  this  again  another  strip 
5  in.  thick  extending  for  a  length  of  168  ft. 
Bulkheads  close  in  the  batteries,  the  armour 
being  respectively  7  in.,  6  in.,  and  5  in.  in 
thickness.  Two  armoured  decks  are  provided, 
the  maximum  thickness  on  the  sloping  part  of 
the  lower  one  being  a  httle  less  than  2  in.  All 
the  armour  used  is  treated  by  the  Krupp  process 
and  made  in  Russia.  The  armament  consists  of 
four  12  in.,  sixteen  6  in.,  fourteen  2*9  in.,  and 
some  smaller  guns,  the  larger  calibres  being  of 
the  Canet  type. 
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Pholo  by  Carl  Speck,  Kiel.} 


THE   GERMAN   CRUISER    "PRIN'CE    HEINRICH." 


Displacement,  8.868  tons.    Heaviest  Gun,  9*4  in.    Laid  down,  December  ist,  18 >S.    Launched,  March  22ni  19:0.    Thickest  Armour,  4  in. 

LH.P.,  15.000.     Nominal  Speed,  20  knots. 


On  the  same  day  that  the  Orel  was  launched, 
the  Czar  performed  the  ceremony  of  the  zakladka 
on  the  new  Russian  cruiser  Oleg.  This  vessel 
was  begun  on  November  21st,  1901.  Her 
length  will  be  433  ft.  10  in.,  beam  54ft.  5-5  in., 
draught  20  ft.  7  in.,  and  displacement  6,675  tons. 

UNITED    8TATK8. 

The  battleship  programme  of  the  United 
States  contains  many  interesting  features.  It 
may  be  said  to  have  begun  with  the  Kearsarge 
and  Kentucky,  launched  in  1898,  and  displacing 
11,540  tons.  In  these  vessels  was  introduced 
the  system  of  superposed  turrets,  four  8  in.  guns 
being  coupled  in  two  smaller  turrets  upon  the 
top  of  the  large  turrets  for  four  13  in.  guns.  This 
system  was  not  applied  in  the  Alabama,  Illinois, 
and  Wisconsin,  of  11,525  tons,  nor  again  in  the 
Maine,  Missouri,  and  Ohio,  of  12,400  tons,  which 
belong  to  the  programme  of  1897-98.  For  the 
three  ships  however  of  the  1899  programme,  the 
Georgia,  New  Jersey  and  Virginia,  and  the  two 
ships  of  the  1900  programme,  the  Rhode  Island 
and  Nebraska,  the  superposed  turret  was  again 


adopted.  These  vessels  will  displace  14,600 
tons,  and  their  armament  will  comprise  four 
12  in.,  eight  8  in.,  twelve  6  in.,  and  some  thirty 
smaller  guns,  which  may  be  compared  with 
the  armament  of  our  King  Edward  17/.  class, 
consisting  of  four  12  in.,  four  92  in.,  ten  6  in., 
and  about  twenty-four  smaller  guns.  The 
speed  of  the  United  States  vessels  will  be  about 
half  a  knot  more  than  that  of  our  new  ships, 
the  protection  and  coal  capacity  being  about  the 
same.  As  was  said  last  month  the  programme 
of  the  present  year  includes  two  battleships 
of  not  more  than  16,000  tons  each,  which  may 
indicate  that  the  system  of  superposed  turrets  is 
again  to  be  abandoned.  If  we  include  the 
Indiana,  Iowa,  Massachusetts,  Oregon,  and  Texas, 
with  the  fifteen  ships  just  mentioned,  we  have 
the  twenty  battleships  recommended  by  the 
Naval  Policy  Board  of  July,  1890. 

The  same  Board  recommended  that  there 
should  be  sixty  cruisers  in  the  fleet,  and  so  far 
as  armoured  vessels  of  the  class  are  concerned 
there  are  now  thirteen  completed,  building,  or 
projected. 
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THERE  is  a  tendency,  one  that  is  inseparable 
from  all  epoch-making  developments,  to 
suppose  that  **  wireless"  telegraphy  is  a  new 
thing,  suddenly  originated  and  offered  to  the 
world  by  a  discoverer.  The  Rontgen  rays,  so 
called  from  the  distinguished  German  professor 
who  first  discovered  them,  were  exceptional,  in 
that  they  had  not  been  expected  or  predicted 
by  theory,  and  consequently  for  a  time  they 
were  not  understood  ;  but  with  our  present 
subject  there  was  no  room  for  a  surprise. 
Theory  in  that  case  preceded  experiment,  and 
the  waves  were  being  actually  looked  for  by 
several  experimenters. 

MAXWKLL'8    THEORY. 

For  the  basis  of  modern  telegraphy  without 
conducting  wires  it  is  not  necessary  to  go 
back  further  than  the  memorable  researches  of 
Professor  James  Clerk  Maxwell,  of  Cambridge, 
who  in  the  early  sixties  demonstrated  by 
mathematical  and  physical  reasoning  that  an 
electric  oscillation  should  send  out  electro- 
magnetic waves  which  are  of  the  same 
order  as  waves  of  light  and  heat,  and,  in  fact, 
form  a  continuous  sequence  with  them, 
differing  only  in  respect  of  their  lower  range  of 
frequency  and  gre<iter  length,  which  prevent 
their  recognition  by  our  senses.  Electricity, 
magnetism,  light  and  heat  are,  in  fact,  merely 
abstract  names  for  different  manifestations  of 
the  same  phenomenon,  to  which  m.iy  be  added 
a  further  series  of  effects  due  to  waves  of  higher 
frequency    than    those    of     light,    the    photo- 


chemical, or  ultra-violet,  and  the  already  men- 
tioned Rontgen  rays. 

THK   HKRTZ  KXPCRIMKNTS. 

Maxwell's  belief  had  for  a  time  few  followers 
outside  this  country,  the  Germans  especially 
being  wedded  to  a  rival  theory  of  action  at  a 
distance.  It  was,  nevertheless,  left  for  a 
German,  the  lamented  Heinrich  Hertz,  who 
died  in  1894,  ^o  put  the  crown  to  Maxwell's 
work  by  confirming  experimentally  the  existence 
of  such  radiations  and  their  behaviour  in  a 
manner  like  the  visible  ones  of  light.  By  means 
of  suitable  receivers,  or  "resonators,"  he  inter- 
cepted and  measured  their  length  and  frequency; 
showed  that  they  could  be  reflected  and  de- 
flected by  metal  surfaces,  refracted  by  certain 
media,  concentrated  by  lenses,  impeded  by 
glass  or  water,  and  even  polarised.  He  proved, 
in  fact,  that  they  behaved  in  all  respects  like 
a  beam  of  light,  having,  moreover,  the  same 
velocity  of  transmission,  viz.,  186,400  miles  per 
second.  Only  in  the  frequency  and  amplitude 
of  their  vibrations,  which  govern  the  physical 
effects  they  are  capable  of  producing,  is  there 
any  essential  difference.  The  form  of  detector 
employed  by  Hertz  in  his  experiments  to  inter- 
cept the  invisible  rays  he  was  dealing  with  was 
a  split  metal  ring,  with  the  ends  capped  by  two 
small  balls  which  nearly  touched.  When  a 
spark  from  a  Leyden  jar  or  oscillator  was 
allowed  to  start  vibrations  in  the  neighbour- 
hood of  such  a  ring,  surging  currents  were  set 
up  in  it  corresponding  in  duration  to  the  length 
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of  the  disturbance,  and  these  manifested  them- 
selves by  a  secondary  spark  between  the  little 

balls. 
Hertz's  results,  published  in  1888,  attracted 

wide  attention,  especially  amongst  those  who 

hadalreadybeen 

working  at  Max- 

wellian    waves, 

of    whom     the 

late     Professor 

Fitzgerald,      of 

Dublin,  and  Dr. 

(now  Sir)  Oliver 

Lodge   were 

amongst    the 

most  promin- 
ent. The  chi>f 
outcome  of  their 
labours  and 
others,  since 
then,  has  been 
an  immense  im- 
provement in 
the  sparking 
apparatus  used 
to  start  the 
vibrations,  and 
a  multiplication 
of  suitable  forms 
of  detectors, 
many  of  them 
of  greatly  in- 
creased sensi- 
bility. These 
two  pieces  of 
apparatus  form 
the  essential 
elements  in 
modern  "wire- 
less'' or — as  the 
correct  Ger- 
mans prefer  to 
call  it — ** spark" 
telegraphy,  and 
their  develop- 
ment will  be  dealt  with  separately. 

"WIRKLK88"    TKLKQRAPHY     A    BYK-I88UK. 

Meanwhile  it  is  necessary  to  remark  that  tele- 
graphy across  space  was  only  a  bye-issue  of  the 
researches  w  ith  Hertzian  waves  ;  Hertz  himself 
paid  no  attention  to  it,  though  the  application 


SIR    OLIVER    J.    LODGE,    D.SC.,    F.R.S.,    LL.D., 
Principal  of  the  University  of  Birmingham, 


was  obvious,  and  of  his  successors  who  did, 
most  were  concerned  at  first  with  the  scientific 
rather  than  the  practical  aspect.  Neverthe- 
less, the  question  of  signalling  across  space 
without  connecting  wires  had  arisen  at  a  fairly 

early  date,  and 
electrical  work- 
ers had  been 
engaged  upon 
it.  Speaking 
generally,  the 
earliest  experi- 
ments had  no 
reference  to 
aetheric  vibra- 
tions whatever, 
but  were  at- 
tempts to  utilise 
the  known 
leakage  of  elec- 
trie  currents 
through  the 
earth  and 
through  water, 
to  communicate 
between  more 
or  less  distant 
points. 

PRIMARY    FACTS. 

A  diagram 
will  explain  this 
system  clearly. 
A  and  B  are 
metal  plates 
sunk  in  the 
water  at  two 
points  on  one 
side  of  the  river 
Thames,  and 
connected  by  an 
insulated  wire^ 
C  and  D  are 
corresponding 
plates  also  con- 
If  a  current  is 
B  it  uses  the 
the  water,  as 
out  in  the 
manner  shown  by  the  dotted  lines.  A 
portion  of  the  current  spreads  as  far  as 
the  metal  plates  C  and  D,  and  passing  into  the 


nected  on  the  opposite  side, 
passed    through   the    wire    A 
earth,    and    more    particularly 
a     return     circuit,     spreading 
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wire  which  connects  fhem,  will  <;»ive  faint,  but 
perhaps  intelligible,  signals.  When  a  storm 
(Mice  destroyed  the  cable  connecting  the  island 
of  Mull  wuth  the  mainland  the  telegraphists 
actually  used  this  method  of  signalling,  the  ends 
of  the  overhead  land  wire  on  the  island  being 


DIAGRAM    SHOWING    EARTH     CURRENTS. 

dipped  into  the  sea,  whilst  at  Oban  a  wire  a 
mile  and  a-half  long  was  laid  along  the  shore 
and  dipped  into  the  sea  in  a  corresponding 
manner.  Communication  was  thus  kept  up  for 
over  a  week  across  a  strait  two  miles  wide. 
Experiments  of  this  kind  were  made  by  Morse, 
the  father  of  telegraphy,  as  far  back  as  1842, 
and  were  continued  down  to  1894,  the  introduc- 
tion of  the  Bell  telephone  in  1877-8  providing 
experimenters  with  the  most  sensitive  receiver 
that  could  possibly  be  devised  for  making  small 
currents  perceptible,  and  giving  a  considerable 
impulse  to  their  attempts. 

EARLY    EXPERIMENTS. 

Under  the  influence  of  this  renewed  activity, 
Mr.  (now  Sir  William)  Preece  conducted  a  long 
series  of  experiments  between  the  Isle  of  Wight 
and  the  mainland,  and  later  at  Penarth,  and 
across  the  Kilbrennan  Sound,  between  Kintyre 
and  the  Isle  of  Arran.  The  distances  traversed 
in  this  way  were  from  four  to  six  miles, 
to  accomplish  which  land-lines  of  several  miles 
in  length  were  required.  The  system  in  fact 
was  far  from  economical,  and  is  chiefly  inter- 
esting nowadays  from  a  historical  point  of  view. 
Perhaps  the  most  successful  attempt  to  cope 
W'ith  its  possibilities  was  that  made  by  Dr. 
Kathenau  and  Professor  Rubens  in  1894,  across 
the  open  waters  of  the  W^annsee,  near  Potsdam. 
Using   sunk   metal   electrodes  and  a  base-line 


about  550  feet  long,  these  experimenters  suc- 
ceeded in  signalling  three  miles,  the  current 
generator  being  a  battery  of  75  accumulators 
with  a  rotating  interrupter.  The  receiver  was  a 
telephone,  from  which  messages  were  read  off 
in  the  usual  dot  and  dash  code.  Earth  currents, 
as  a  mode  of  communication,  are 
employed  in  one  of  the  latest  competing 
systems  of  ** wireless"  telegraphy  (the 
Orling-Armstrong)  as  well  as  in  the 
earliest  experiments,  and  will  be 
referred  to  once  more  in  this  connection 
in  a  subsequent  article. 

ELECTRO-MAQNETIC    INDUCTION. 

A  more  promising  method  of  sig- 
nalling across  a  distance  without 
conducting  wires  appeared,  and  still 
appears,  to  be  offered  by  the  phe- 
nomena of  electro-magnetic  induction. 
A  varying  or  alternating  current  in  a  wire 
circuit  has  the  property  of  inducing  a  corre- 
sponding current  in  another  circuit  near  it. 
This  is  the  principle  of  the  ordinary  trans- 
former, in  which,  however,  the  two  circuits 
are  packed  as  closely  together  as  they  can 
be  and  provided  with  a  metallic  core  to 
render  the  losses  of  transformation  as  small 
as  possible.  In  telegraphy  the  object  is  to 
get  the  circuits  as  far  apart  as  possible,  and 
yet  preserve  economy,  which  can  only  be  done 
to  a  limited  extent  without  the  use  of  special 
devices.  The  most  important  of  these  are 
associated  with  the  name  of  Sir  Oliver  Lodge, 
whose  work,  dating  from  about  1889,  will  be 
described  presently.  Practical  experiments 
with  induction  were  also  carried  out  by  Sir 
William  Preece  at  several  points  and  hi  several 
ways  in  1893,  and  his  results  were  summarised 
in  a  paper  read  by  him  before  the  Chicago 
Congress.  In  many  of  his  experiments  earth- 
completed  circuits  were  used,  and  there  is  little 
doubt  that  earth  conduction  currents  as  well 
as  induction  played  a  part  in  the  performance. 
On  one  occasion  at  least,  however,  two  quarter- 
mile  squares  of  insulated  copper  wire  were  used, 
in  such  a  way  as  to  preclude  earth  currents,  and 
with  these,  by  means  of  rapidly-interrupted  or 
vibratory  currents,  signals  were  transmitted 
inductively  over  a  distance  of  about  a  quarter  of 
a  mile. 
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ACCIDENTAL   CLUES. 

The  extraordinary  range  covered  by  certain 
accidental  occurrences,  as  when  signals  passing 
in  a  Langdon-Davies  phonopore  circuit,  with 
ver}*  high  frequency  currents,  have  caused  dis- 
turbance in  telephones  100  miles  away,  gave 
reason  to  suppose  that  much  might  be  done  with 
properly  constructed  apparatus  ;  and  it  is  on 
record  that  an  offer  was  made,  if  ;^i 0,000  were 
forthcoming,  to  establish  communication  by  this 
method  with  the  Cape.  Probably  the  main 
reason  why  nothing  on  a  large  scale  was 
attempted  was  that  just  about  that  time  the 
method  of  signalUng  with  Hertz  waves  came 
into  prominence  and  eclipsed  it. 

AERIAL    ELECTRIC    WAVES. 

It  would  not  be  easy  to  determine  who  first 
discovered  the  action  at  a  distance  of  aerial 
electric  waves.  Joseph  Henry,  the  Faraday  of 
America,  had  got  signals  between  the  attics  and 
the  cellar  of  his  house,  by  means  of  sparks, 
before  Maxwell  had  even  propounded  his 
theory  ;  and  other  old  records  of  similar  kind 
might  be  instanced ;  but  their  significance 
remained  unrecognised.  After  the  pubHcation 
of  Hertz's  and  Lodge*s  experiments  many  such 
observers  came  forward  with  recollections  of 
facts  bearing  on  the  subject  which  had  puzzled 
them  at  the  time,  or  which  they  had  taken  note 
of.  Probably  the  most  important  of  such  old 
observations  (though  they  were  never  published) 
were  those  of  Professor  Hughes,  the  inventor  of 
the  microphone,  which  to  this  day  remains  one 
of  the  most  sensitive  devices  for  detecting 
Hertzian  waves.  Long  before  Hertz  had 
published  his  researches,  or  begun  them. 
Professor  Hughes  was  working  at  Hertzian 
waves,  trying  to  determine  their  nature  and  to 
employ    them    practically    for    messages.      In 


CK 
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AX    EARLY    FILINGS   COHERER. 

(From  Lodge's  "  Work  of  Hertz."    Electrician 
Publishing  Co.) 

1878  he  described,  in  a  paper  read  before  the 
Royal  Society,  "  a  tube  filled  with  loose  fihngs 
of      zinc      and      silver,'*     which     served     as 


a  detector,  and  which  was  the  origin  of  the 
Branly  coherer  of  twelve  years  later.  In  1880 
he  demonstrated  the  actual  transmission  of 
signals  to  the  President  of  the  Royal  Society, 
Mr.  Spottiswoode,  and  the  two  hon.  secretaries, 
Professor  Huxley  and  Professor  G.  Stokes.  The 
last-named  gentleman,  however,  was  unwilling 
at  that  date  to  accept  the  phenomena  as  due  to 
aerial  waves,  and  attributed  them  to  electro- 
magnetic induction,whereupon  Professor  Hughes 
became  discouraged  and  dropped  the  subject. 
After  Hertz,  with  his  far  more  masterly  re- 
searches, had  solved  the  entire  problem  in 
1887-9,  Professor  Hughes  felt,  he  says,  in  a 
letter  to  the  Electrician  in  1889,  **  that  it  was  too 
late  to  bring  forward  his  previous  experiments, 
and  through  not  publishing  his  results  and  the 
means  employed,  he  was  forced  to  see  others 
re- make  the  discoveries  he  had  previously  made 
as  to  the  sensitiveness  of  the  microphonic  con- 
tact, and  its  useful  employment  as  a  receiver  for 
electric  aerial  waves." 

DR.    LODGE'S  EXPERIMENTS. 

A  more  fruitful  series  of  experiments  was 
that  of  Sir  Oliver  Lodge,  already  mentioned, 
at  Liverpool.  Lodge  had  been  working  at 
oscillatory  discharges  and  electro-magnetic 
waves  before  Hertz,  and  had  partially  antici- 
pated Hertz's  discoveries.  He  obtained  evidence 
of  waves  running  along  wires,  starting  from  an 
oscillating  or  spark  circuit,  and  measured  their 
length.  His  first  successful  signalling  results, 
however,  were  published  in  1889,  and  were 
carried  out  with  what  he  called  "syntonic" 
circuits — closed  circuits  containing  Leyden  jars, 
and  tuned  by  means  of  a  sHding  resistance  in 
such  a  way  that  the  receiving  circuit  is  far 
more  sensitive  to  induction  from  the  trans- 
mitting system  than  would  ordinarily  be  the 
case.  The  first  application  of  the 
"  coherer  "  principle  formed  a  part 
of  this  experiment,  the  overflow 
spark  from  the  syntonic  Leyden  jar 
at  the  receiving  end  taking  place 
between  two  balls  placed  so  close 
together  that  after  the  passage  of 
the  spark  they  remained  in  actual  contact. 
This  cohesion  of  bodies  following  ia  spark  is 
an  old  discovery,  due  perhaps  to  Guitard, 
who  in  1850  found  that  particles  of  dust  adhered 
to  each  other  in  the  presence  of  an  electrified 
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body.  The  massing  of  rain-drops  during  a 
thunderstorm  is  attributable  to  the  same  cause. 
While  the  two  balls  were  in  contact  no  further 
spark  could  pass,  and  so  in  order  to  repeat  the 
signalling  action  it  was  necessary'  to  have  sopie 
tapping  apparatus  to  make  them  come  apart. 
Such  an  apparatus,  acting  automatically,  formed 
part  of  Dr.  Lodge's  original  1889  experiments, 
and  consisted  simply  of  an  electric  bell  and 
battery  in  the  circuit.  The  bell  was  placed  on 
the  same  platform  as  the  stand  containing  the 
balls,  and  its  vibration  every  time  the  balls 
allowed  a  current  to  pass  was  sufficient  to  break 
the  cohesion.  A  sort  of  make-and-break  action 
was  thus  set  up  between  the  coherer  and  the 
bell.  "Coherer"  was  Dr.  Lodge's  own  term 
for  the  apparatus.  Another  form  which  it  took 
in  his  experiments  was  a  point  in  contact  with 
a  spring,  which  recalls  the  microphone  joint, 
and  forms  a  highly  sensitive  arrangement. 

THK   BRANLY  COHERER. 

M.  Edouard  Branly,  of  Paris,  however,  dis- 
covered in  1890  the  property  of  metallic  pow- 
ders, filings,  etc.,  to  act  as  detectors  of  spark 
waves  ;   and  his  form  of  coherer,  which  down 


DR.    EDOrAKI)    KRAXLV. 

to  a  recent  date  has  held  the  record  for 
sensibility,  was  finally  adopted  by  Dr.  Lodge 
for  work  with  Hertzian  waves,  in  preference  to 
any  other.  The  first  notice  of  Branly^s  coherer, 
in  which  its  action  was  described  but  not  ex- 
plained, appeared  in  Coniptcs  Rendus^  November 


24th,  1890,  and  may  be  summarised  as  follows: 
A  glass  tube,  containing  metal  filings  between 
two  metallic  conductors,  is  placed  in  circuit 
with  a  Danieirs  cell  and  a  galvanometer.  Owing 
to  the  high  resistance  of  the  filings  no  current 


^^ 


LODGES    EARLY    RADIATOR. 
(From  " The  Work  of  Hertz."     Electrician  Publishing  Co.) 

can  pass.  As  soon  as  a  spark  passes  in  the 
neighbourhood  of  the  tube  from  a  Wimshurst 
machine,  or  Ruhmkorff  coil,  the  resistance  of  the 
filings  drops  from  several  million  ohms  to  2,000, 
or  even  to  100  ohms,  and  a  current  is  registered 
on  the  galvanometer.  The  action  had  been 
shown  to  take  place  at  20  metres  distance, 
through  opposing  walls  or  floors.  M.  Branly 
made  several  further  discoveries  of  the  same 
nature,  with  variations  of  his  material,  but 
although  the  credit  for  the  fundamental  dis- 
covery is  his,  most  experimenters  have  adapted 
his  coherer  in  their  own  way  to  suit  their  own 
ends.  Dr.  Lodge  applied  to  it  his  automatic 
tapping  arrangement  already  described,  without 
which  its  receptive  properties  come  to  an  end 
after  the  first  impulse.  He  also  improved  its 
sensitiveness  by  placing  the  grains  of  metal  in 
a  vacuum,  or  occasionally  in  hydrogen.  A 
further  addition  to  the  receptive  properties  of 
the  Branly  coherer,  first  employed  by  Lodge 
in  his  earlier  forms,  is  the  use  of  metal 
streamers,  or  **  antennae,"  to  intercept  a  greater 
range  of  vibrations,  and  also  to  tune  the  circuit 
of  the  receiver.  Finally,  it  was  Dr.  Lodge,  in 
conjunction  with  his  co-worker,  Dr.  Alexander 
Muirhead,    the    well-known    telegraph    expert 
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who  first  applied  the  automatically  tapped 
coherer  to  convey  dot  and  dash  signals,  sent  as 
interrupted  Hertz  waves,  to  a  telegraph  instru- 
ment. He,  in  fact,  used  it  as  a  relay  to  make 
the  distant  oscillations  operate  an  electric 
bell,  a  Morse  sounder,  or  a  siphon  recorder. 
His  transmitter  or  radiator  was  an  arrangement 
shown  in  outline,  of  one  or  more  large  spheres 
between  two  knobs,  which  has  since  been  con- 
siderably improved  by  Professor  Righi,  of 
Bologna,  who  interposed  a  layer  of  oil  between 
the  two  central  balls,  thus  keeping  their  surfaces 
clean  and  assisting  in  the  production  of  sharp 
snappy  sparks.  Righi's  oscillator,  connected  with 
a  10  in.  induction  coil,  is  the  instrument  most 
generally  employed  in  transmitting  Hertz  waves 
over  moderate  distances. 

8YNTONI8INa 

An  account  has  been  given  of  Lodgers  special 
contributions  to  telegraphy  with  Hertz  waves, 
because  some  of  them  have  since  proved  to  be 
essential  elements  of  success,  and  have  been 
adopted  by  later  exponents  ;  but  Lodge's  own 
preference  seems  to  have  lain  throughout  in  the 
direction  of  magnetic  induction,  rendered 
practicable  by  the  special  devices  already 
referred  to.  Of  these  the  most  important  is  his 
method  of  "syntonising,"  or  tuning  the  trans- 
mitting and  receiving  circuits  so  that  the 
inductive  effect  is  enormously  magnified.  In 
a  paper  read  before  the  Institution  of  Electrical 
Engineers  in  December,  1898,  Sir  Oliver  Lodge 
gave  a  full  description  of  this  system  and  of  his 
earlier  experiments  with  it.  Instead  of  Leyden 
jars,  he  placed  in  his  two  circuits  condensers 
of  large  capacity,  syntonised  to  respond  to 
vibrations  of  the  same  period.  In  the  trans- 
mitting circuit  was  a  small  alternator,  giving  a 
frequency  of  vibration  of  384  per  second  (in 
place  of  the  million  or  so  appropriate  to  Leyden 
jars),  so  that  the  resulting  waves  came  within 
the  region  of  audible  sound.  The  receiving 
circuit,  therefore,  contained  no  coherer,  but 
simply  a  telephone,  placed  in  shunt  to  the  con- 
denser. The  circuits  were  insulated  wire 
enclosures  embracing  about  400  square  yards, 
distant  two  miles  apart.  Owing  to  the  initial 
difference  of  potential  between  the  terminals  of 
the  receiving  condenser,  the  effect  of  sympathetic 
oscillations  is  cumulative,  and  may  produce  an 
electromotive   force    of    many  thousand  volts. 


lodge's  syxtoxic  receiver  and  tapper. 

(From  The  Electrician,) 

capable  of  bursting  the  condenser.  The  action  is 
compared  by  Sir  Oliver  Lodge  mechanically  to 
that  of  a  heavy  truck  pushed  backwards  and 
forwards  on  a  pair  of  rails.  If  the  truck  be  held 
by  elastic  springs  before  and  behind  (compar- 
able to  the  tension  between  the  condenser  ter- 
minals) it  acquires  an  inertia  of  swing  under 
the  influence  of  properly  timed  pushes,  and  with 
small  expenditure  of  power  may  gradually 
become  the  centre  of  enormous  energy.  The 
condenser  in  the  transmitting  circuit  tends  to 
reinforce  and  also  to  steady  the  vibrations  of 
the  dynamo  current. 

8URPRISINQ    KXPKRIKNCES. 

With  this  apparatus  Sir  Oliver  Lodge  had 
some  surprising  experiences.  He  could  not 
only  intercept,  but  effectually  deranged  all  the 
telephone  messages  in  the  neighbourhood  of 
Liverpool,  and  his  working  was  occasionally 
perceived  a  hundred  miles  away.  This,  of 
course,  was  a  disadvantage  in  a  busy  industrial 
centre,  and  means  had  to  be  taken  to  render  the 
system  innocuous.  What  these  means  are  have 
not  been  disclosed,  but  it  is  understood  that  Sir 
Oliver  Lodge  and  Dr.  Muirhead  have  been 
perfecting  the  system,  the  essentials  of  which 
were  patented  in  1897,  and  that  magnetic  induc- 
tion may  yet  come  forward  as  a  rival  to  spark 
telegraphy  in  the  competition  for  long  distance 
communications. 

{To  he  continued.) 
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TN  the  early  autumn  of  i860  Lord  Armstrong 
-*-  took  one  of  the  most  judicious  steps  of  his 
career,  and  invited  Captain  Noble,  a  young 
officer  already  recognised  as  an  expert  in 
artillery  matters,  to  join  his  newly-formed 
ordnance  works  at  Elswick.  Forty  years  have 
elapsed  since  that  offer  was  made,  and,  in  a 
fortunate  hour  for  Elswick,  accepted.  To-day, 
Captain  Noble  has  become  Sir  Andrew  Noble, 
and  is  the  chairman  of  Sir  W.  G.  Armstrong, 
Whit  worth  and  Co.,  Ltd.  All  the  later  ex- 
tensions and  developments  of  the  business  have 
been  carried  out  under  his  direction,  and  time 
has  done  nothing  to  diminish  his  energy  and 
activity,  both  in  the  interests  of  the  firm  and  in 
the  advancement  of  the  science  to  which  he  has 
devoted  himself. 

Sir  Andrew  Noble  was  born  at  Greenock 
in  1832.  His  father  was  a  naval  officer, 
the  scion  of  a  Dumbartonshire  family, 
whose  estate,  lost  for  a  generation,  was  re- 
purchased in  1889  by  the  subject  of  this  sketch. 
Having  completed  a  course  at  the  Edinburgh 
Academy,  Sir  Andrew  passed  through  Woolwich 
and  received  in  1849  ^  commission  in  the 
Artillery,  afterwards  serving  with  his  regiment 
in  Malta,  Canada,  and  South  Africa.  He  was 
especially  attracted  by  mathematical  studies 
and  scientific  research.  In  1858,  upon  his 
return  from  the  Cape  of  Good  Hope,  he  acted 
as  secretary  to  the  Royal  Artillery  Institution, 
and  the  same  year  was  appointed  Secretary  to 
a  Special  Commission  upon  Rifled  Cannon. 
His  increasing  reputation  as  an  expert  caused 
him  to  be  nominated  by  the  War  Office  to 
various  positions  in  connection  with  the  subject 
of  guns  and  their  ballistics,  and  he  was  Assistant 
Inspector  of  Artillery  when,  as  we  have  men- 
tioned. Lord  Armstrong  invited  him  to  join  the 
Elswick  Works. 


It  may  not  be  uninteresting  at  this  point  to 
recall  the  main  facts  connected  with  the  history 
of  the  firm.  It  was  as  long  ago  as  1847  that 
Mr.  William  Armstrong  opened  a  modest  factory 
at  Elswick,  in  which  to  manufacture  his  hydraulic 
cranes.  He  was  at  the  time  a  partner  in  a 
solicitor's  business  in  Newcastle,  but  his  leisure 
hours  had  been  devoted  to  mechanical  and 
electrical  experiments,  and  he  was  already 
known  as  an  inventor  of  boldness  and  origin- 
ality. Assisted  by  four  of  his  fellow  townsmen, 
who  joined  in  subscribing  the  ;^20,cxx>  oi 
capital  required,  he  bought  a  couple  of  meadows 
on  the  banks  of  the  Tyne,  and  started  his 
hydraulic  engineering  works.  Shortly  after  the 
opening,  the  Armstrong  cranes  had  the  good 
fortune  to  attract  the  notice  of  the  engineer  of  the 
Liverpool  docks,  Mr.  Hartley,  and  were  adopted 
by  him.  Increased  custom  followed,  and  the 
business  was  in  a  prosperous  state  when,  some 
eight  years  after  its  inception,  the  attention  of 
its  founder  was  directed  to  a  new  sphere  of 
invention.  The  outcome  of  this  new  departure 
was  the  Armstrong  gun,  which,  brought  to  the 
notice  of  the  authorities  during  the  Crimean 
War,  gained  for  itself,  after  many  competitive 
trials,  the  favour  of  the  Government  and  was 
accepted  as  the  service  weapon.  In  later  life, 
Lord  Armstrong  used  to  protest  that  he  only  took 
up  the  study  of  artillery  as  a  hobby,  suggested 
by  the  martial  ardour  of  the  moment,  and 
that  he  had  hardly  any  notion  of  turning  his 
ideas  to  practical  effect.  But  he  attacked 
the  subject  with  characteristic  energy  and  con« 
centration,  and  the  result  was  an  increased 
reputation  for  himself,  and  an  altered  destinj 
for  his  works  at  Elswick. 

Under  arrangements  which  were  too  complii 
cated  to  prove  satisfactory,  Mr.  Armstrong 
entered  the  service  of  the  Government  in  order 
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to  superintend  the  making  of  his  new  guns  at 
Woolwich.  At  the  same  time,  to  assist  in 
meeting  the  demand,  artillery  works  were  started 
at  Elswick,  where,  it  must  be  remembered, 
there  was  already  a  staff  of  skilled  operatives 
with  experience  in  this  manufacture.  Though 
these  shops  were  side  by  side  with  the  existing 
engineering  works,  the  two  concerns  were 
kept  separate.  The  hydraulic  business  con- 
tinued as  before,  and  the  Elswick  Works 
commenced  as  a  Government  arsenal,  bound 
by  agreement  to  make  guns  for  no  other  Power 
but  England.  The  utmost  secrecy  was  pre- 
served, and  the  intrusion  of  foreign  observers  was 
rigorously  prevented.  Lord  Armstrong,  to  give 
him  his  title  of  later  life,  possessed  in  a  marked 
degree  one  characteristic  of  the  successful 
leader.  He  chose  his  subordinates  with  fore- 
sight, and  seldom  made  mistakes  in  his  estimate 
of  ability.  We  have  already  referred  to 
Sir  Andrew  Noble  in  this  connection,  but  in 
the    early  years   of  his  engineering  enterprise, 


Lord  Armstrong  owed  much  to  the  capable 
assistance  of  Mr.  Percy  Westmacott,  and  when 
the  ordnance  works  were  started,  he  appointed 
a  manager  of  great  ability  in  Mr.  George  Rendel. 
Both  these  gentlemen  are  still  directors  of  the 
company  which  owes  so  much  to  their  efforts, 
but  both  have  long  since  retired  from  active 
management. 

In  i860  the  shops  at  Elswick  were  crowded 
with  Government  orders,  and  the  fortunes  of 
the  place  seemed  tolerably  assured.  Within 
the  short  space  of  three  years  the  conditions 
were  entirely  altered.  The  contracts  ceased, 
the  ardour  of  the  Government  cooled,  and  the 
authorities  paid  the  Company  a  sum  of  money 
to  close  the  arrangements  which  had  been 
made.  Lord  Armstrong  resigned  his  Woolwich 
appointment  and  returned  to  Elswick,  where 
the  workshops,  equipped  with  costly  machinery, 
stood  almost  empty.  The  engineering  works 
and  the  ordnance  works  were  united  into  one 
concern,  and  the  partners  commenced  to  establish 
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a  foreign  connection.  The  War  Office  has  been 
the  hero  of  many  singular  proceedings,  but  one 
of  the  most  mysterious  episodes  in  its  history 
was  its  complete  neglect  for  nearly  fifteen  years 
of  the  technical  resources  which  were  ready  to 
hand  at  Elswick. 

During  this  period  of  official  stagnation,  the 
science  of  artillery  was  making  rapid 
progress  under  Lord  Armstrong,  Mr. 
George  Rendel,  and  Sir  Andrew  Noble. 
Yet  it  was  not  until  the  Russian  war 
scare  of  1878  that  the  Government 
purchased  four  iio-ton  guns,  built 
for  the  Italians,  and  passed  them  into 
oiir  own  service.  Nor  was  it  until 
more  than  twenty  years  had  gone  by 
since  the  desertion  of  1863,  that  the 
Elswick  experts  finally  succeeded  in 
forcing  upon  the  attention  of  our  own 
authorities  the  new  type  of  gun,  which 
is  now  everywhere  adopted. 

Particulars  of  the  advance  in  gun 
designing  and  construction  are  no 
doubt  familiar  to  many,  but  may  be 
briefly  recapitulated.  The  original 
Armstrong  six-pounder  gun  was  made 
of  coiled  wrought  iron  cylinders,  shrunk 
upon  an  inner  barrel,  which  was  at 
first  of  steel.  It  was  a  breech-loader, 
with  a  breech-block  screwed  in,  and 
was  rifled  upon  the  polygroove  system, 
with  a  uniform  twist.  Subsequently, 
certain  steps,  which  appear  to  us  re- 
trograde, but  which  were  doubtless 
necessitated  by  the  conditions  of  the 
period,  were  taken.  Steel  was  given 
up  on  account  of  its  unreliable  nature, 
and  a  return  was  made  to  muzzle 
loading.  The  Armstrong  system  of 
construction,  however,  opened  the  way 
for  an  exceedingly  rapid  increase  in  the 
size  of  guns,  so  that  in  1875  we  had 
guns  of  100  tons  weight. 

Meanwhile,  Sir  Andrew  Noble  was 
bringing  to  bear  upon  the  subject  an 
amount  of  accurate  research  hitherto 
unknown.  He  began  by  experimenting 
with  closed  cylinders  in  which  charges 
of  powder  were  fired  by  electricity, 
pressures  were  recorded,  heat  deter- 
mined, gases  analysed,  and  the  pro- 
ducts of  explosion  examined.     He  also 


invented  the  chronoscope,  which  bears  his 
name,  for  ascertaining  the  velocity  of  a 
projectile  in  the  bore  of  a  gun.  This  was 
quite  novel  work,  and  was  soon  to  take 
a  practical  shape.  The  old  gunpowder  was 
changed,  and  a  powder,  burning  regularly  and 
slowly,  took  its  place;    steel,  the  manufacture 
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of  which  had  been  greatly  improved,  was 
re-employed  as  the  proper  material,  and 
gradually  the  new  type  of  gun  was  evolved. 
These  facts  are,  of  course,  the  common-places 
of  history,  though,  in  the  glare  of  latter  day 
advertisement,  the  pioneers  are  apt  to  be  some- 
times obscured. 

We    reproduce    photographs    of    the    latest 


presses,  and  the  absence  of  trunnions  on  the 
gun,  which  recoils  in  a  cradle. 

The  first  gun  known  as  Quick-firing  was  the 
47  in.  gun  made  in  1886.  It  was  employed  for 
the  armament  of  the  Italian  cruiser  Piedmonte^ 
built  at  Elswick  in  1889.  The  47  in.  gun  shown 
in  the  photograph  is  mounted  on  a  travelling 
carriage  for  field  service,  and  the  following  are 


LATEST   NAVAL  6  IN.   QUICK-FIRING   GUN. 


patterns  of  12-pounder,  47  in.  and  6  in.  quick- 
firing  guns.  In  addition  to  the  increased  length 
of  the  bore,  features  common  to  quick-firing 
guns  will  be  noticed  in  the  photograph— the 
breech  mechanism  with  its  interrupted  screw 
and  single-motion  action,  the  hydraulic  recoil 


its  dimensions  and  ballistics.  Total  length, 
194- 1  in. ;  weight,  42  cwt.  ;  charge,  5  lbs.  7  ozs.  ; 
projectile,  45  lbs.  ;  muzzle  velocity,  2,188  foot 
seconds ;  energy,  1,494  foot  tons.  It  can  fire 
ten  rounds  per  minute. 

The  naval  6  in.  quick-firing  gun  illustrated  is 
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249*25  in.  long,  and  weighs  6  tons  12  cwt. 
The  charge  is  15  lbs.,  and  the  projectile 
100  lbs.  The  muzzle  velocity  is  2,300  foot 
seconds,  and  the  energy  3,668  foot  tons. 
Six-inch  guns  are  constructed  up  to  50 
calibres,  or  300  in.  in  length,  and  with  the 
increased  length  of  bore,  velocities  up  to 
3,000  ft.  are  obtained. 

The  i2-pounder  quick-firing  gun  is  inte- 
resting as  being  a  gun  from  the  battery 
presented  by  Lady  Meux  to  Lord  Roberts 
in  1900,  and  used  by  the  Elswick  Battery 
in  the  South  African  campaign.  The  total 
length  is  123*6  in.,  and  the  weight  12  cwt* 
The  charge  is  i  lb.  15  ozs.  and  the  projectile 
12  lbs.  15  ozs.  The  muzzle  velocity  is  2,210 
foot  seconds,  and  the  energy  423  foot  tons. 

Turning  now  to  some  of  the  other  develop- 
ments of  Elswick,  we  revert  to  1869,  when 
Mr.  George  Rendel  designed  the  gunboat 
Staunch,  and  the  attention  of  the  company 
was  directed  to  the  building  of  warships. 
These  were  first  constructed  according  to 
Mr.  Rendel's  designs  in  the  shipyard  of 
Mr.  Charles  Mitchell,  at  Walker-on-Tyne, 
and  when  in  1882  the  firm  became  a 
limited  company,  Mr.  Mitchell's  yard  became 
part  of  the  business,  which  was  entitled 
Sir  W.  G.  Armstrong,  Mitchell  and  Co., 
Ltd.  In  1884  a  second  shipyard,  exclusively 
for  war  vessels,  was  opened  at  Elswick, 
under  Mr.  White,  who,  as  Sir  William  White, 
afterwards  filled  the  position  of  Naval 
Constructor  at  the  Admiralty.  Mr.  White, 
upon  being  appointed  to  the  Admiralty, 
was  succeeded  by  Mr.  Philip  Watts  at 
Elswick,  on  October  ist,  1885. 

The  cruisers  and  battleships  from  Elswick, 
of  high  speed  and  heavily  armed,  have 
strengthened  many  navies,  and  are  inse- 
parably associated  with  the  genius  of  Mr. 
Watts.  The  photographs  given  wiih  this 
article  show  the  passage  of  the  Japanese 
battleship  Yashima  through  the  High  Level 
Bridge  at  Newcastle,  in  June,  1896,  the 
launch  of  H.M.S.  Lancaster,  and  the  Chilian 
30-knot  torpedo-boat  destroyer  Capitan 
Thompson, 

Space  prevents  the  insertion  of  full  par- 
ticulars of  these  ships,  and  prevents  also  the 
enumeration     of    many    other    well-known 
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armour-clads  and  cruisers  which  have  issued 
from  the  same  yard.  Mr.  Watts  left  Elswick 
in  1902  to  succeed  Sir  William  White  as 
Director  of  Naval  Construction  at  the 
Admiralty,  the  highest  position  that  a  Naval 
architect  can  obtain. 

As  the  Elswick  Yard  is  devoted  to 
warships,  the  Walker  Shipyard  of  the 
company  confines  itself  chiefly  to  the  con- 
struction of  merchant  vessels.  Among  the 
most  interesting  of  these  is  the  ice-breaker 
Ermackj  whose  services  to  Russian  commerce 
in  frozen  seas  have  been  widely  portrayed 
in  journals  and  magazines.  A  speciality  has 
also  been  made  of  tank  steamers  for  carrying 
petroleum  in  bulk,  under  the  patent  of 
Mr.  Henry  Swan,  the  present  head  of 
the  yard.  The  patronage  for  many  years 
of  the  Italian  Government  led  to  the  estab- 
lishment of  a  branch  arsenal  at  PozzuoH, 
on  the  Bay  of  Naples.  This  arsenal  is 
used  for  Italian  work,  and  employs  more 
than  a  thousand  hands.  Another  under- 
taking, almost  inevitable  for  a  business  where 
so  many  heavy  steel  castings  and  forgings 
are  needed,  was  the  starting  of  the  Elswick 
Steel  Works,  under  the  late  Colonel  Dyer, 
in  1882. 

The  most  important  step  resulting  from 
the  forward  policy  of  the  Company  w^as, 
however,  the  amalgamation  with  Sir  Joseph 
Whitworth  and  Co.,  in  January,  1897, 
combining  under  one  title  the  names  of  two 
engineers,  each  great  in  his  own  line,  and 
at  one  period  vigorous  rivals — the  late  Lord 
Armstrong  and  the  late  Sir  Joseph  Whit- 
worth. The  Openshaw  Works  may  be 
said  to  have  the  advantage  in  point  of 
seniority  over  Elswick.  Mr.  Whitworth, 
it  may  be  remembered,  after  working  at 
Maudslay's,  Holtzapffel's,  and  Clement's, 
returned  to  Manchester  in  1833,  and  put  up 
a  sign — **  Joseph  WhUworth,  Tool  Maker, 
from  London."  From  this  workshop  has 
grown  up  the  large  manufacturing  estab- 
lishment at  Openshaw,  where  are  steel 
works,  gun  works,  and  shops  for  making 
machines.  Finally,  a  plant  for  making 
armour  plates  for  ships  has  been  started 
here  within  the  last  year  or  two. 

The  Armstrong,  Whitworth  Company  can 
turn  out  a  battleship  fully  armed  and  armoured , 
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though  not  engined,  as  they  have 
not  yet  taken  up  marine  engineering. 
Among  their  other  productions,  in 
addition  to  guns,  mountings,  and 
projectiles,  are  merchant  vessels, 
steel  of  all  kinds,  machinery,  elec- 
trical and  hydraulic  machinery. 
The  Company's  shops  cover  224 
acres  of  ground;  it  employs  about 
25,000  men  and  pays  ;f  30,000  a  week 
in  wages. 

In  the  course  of  his  long  career 
and  association  with  the  works.  Sir 
Andrew  Noble  has  naturally  received 
numerous  honours.  He  was  created 
a  C.B.  in  1881,  and  K.C.B.  in  1893, 
and  a  Baronet  of  the  United  King- 
dom in  1902.  In  1870  he  was  elected 
a  Fellow  of  the  Royal  Society  ;  and 
in  1880  received  the  Royal  Medal  of 
that  Society.  He  is  a  Knight  of 
various  foreign  orders,  and  has  been 
honoured  by  many  learned  and 
scientific  bodies.  For  the  past  two 
years  he  has  served  with  Lord 
Rayleigh  and  Mr.  Haldane,  M.P., 
upon  the  Explosives  Committee. 

Probably  few  men  have  wider  sym- 
pathies, or  a  more  cathoHc  taste,  than  Sir  Andrew 
Noble.  His  popularity  among  those  who  work 
under  him  at  Elswick  is  immense  ;  his  circle  of 
friends  is  wide,  and  he  is  never  happier  than 
when  surrounded  by  them  in  his  beautiful  place 
at  Chillingham. 

In  his  youth  an  athlete  of  distinction,  there  is 
hardly  a  form  of  sport  or  game  which  he  does 
not  patronise  and  support  with  enthusiasm,  and, 
when  necessary,  with  generosity.  He  owns 
one  of  the  few  private  tennis-courts  in  England, 
and  many  thousands  of  acres  of  partridge  and 


SIR   ANDREW    NOBLE    IN    HIS   LABORATORY. 

pheasant  shooting,  both  in  Northumberland 
and  Norfolk.  He  is  a  fine  shot,  but  was 
debarred  by  an  accident  from  indulging  in 
this  form  of  sport  last  season. 

Sir  Andrew  is  a  man  of  wide  reading  and 
culture,  versed  not  only  in  scientific,  but 
also  in  general  literature.  Of  the  two  accom- 
panying photos,  one  is  by  Messrs.  Elliott 
and  Fry.  The  other  is  furnished  by  an  accom- 
plished amateur,  who  had  the  privilege  of 
taking  Sir  Andrew  while  at  work  in  his  chemi- 
cal laboratory. 
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TRANSPORTATION  OF  MINERAL  FROM  FURNACE  STOCKYARD  TO  MOUTH  OF    FURNACE. 

BY 

B.  H.  THWAITE,  CE. 

The  Author  in  the  two  preceding  Articles  dealt  with   the  choice  of  a  site,  the  selection 
of  ores,  and  the  most  economic  methods  of  transportation. — Ed. 


III. 


STOCKING  THE   MINERALS. 


HE  system  adopted,  by  which 
the  car  is  cleared  of  its  con- 
tents, is  a  development  of 
the  tipping  method  in  use  in 
many  of  our  coal-shipping 
ports,   with   this   important 
difference,  that  in  the  Ameri- 
can system  not  only  is  the 
car  discharged   by  being  overturned,  but  the 
operation  is  effected  in  such  a  way   that  the 
mineral  is  actually  deposited  at  a  higher  level. 

On  referring  to  the  illustration  on  page  276, 
it  will  be  seen  that  part  of  the  railway  track, 
or  siding,  is  detachable,  so  that  it  can  be  bodily 
lifted  with  its  car  load.  The  detachable 
track  is  mounted  on  a  cradle-like  structure, 
U-shaped,  as  heavily  constructed  as  would  be  an 
ordinary  plate  girder  bridge,  because  the 
dynamic  programme  involves  not  only  the 
overturning  of  the  car  and  its  contents,  but  also 
its  bodily  lifting.  It  will  be  noticed,  on  referring 
to  the  figure,  that  the  cradle  track  is  mounted 
on  a  heavy  shaft  of  10  in.  diameter,  around  which 
it  is  bodily  turned  or  rotated  through  a  section 
of  a  circle. 


The  motion  of  the  tilting  cradle  is  effected  by 
means  of  steel  wire  cables  that  pass  under  the 
framework  of  the  cradle  structure,  and  around 
the  drum  of  an  electric  winding  engine  located 
in  an  engine-house,  directly  and  substantially 
superposed  over  the  track  tilting  cradle. 

A  counterbalance  weight  is  provided  in  order 
to  assist  in  overcoming  torque  and  inertia 
effects.  The  counterbalance  weight  not  only 
comes  into  action  for  the  purposes  described, 
but  it  serves  as  a  brake  when  the  track  cradle 
has  passed  into  the  zone  of  gravity  influence, 
and  in  such  a  way  that  the  weight  of  the  car  in 
falling  by  its  own  gravity  is  taken  up  by  the 
counterbalance  weight,  which  is  consequently 
lifted  or  hoisted,  and  in  its  suspension  consti- 
tutes a  rapidly  effective  source  of  reserve  energy 
to  assist  the  electric  motors  in  lifting  the  track 
cradle  and  its  ore  contents.  Before  the  track 
cradle  is  put  into  motion  it  is  rigidly  held  by  a 
simple  hydraulic  clamp,  adjustable  for  use  with 
mineral  cars  of  the  largest  capacity  and  under. 

The  ore  or  mineral  contents  of  the  car,  when 
tilted,  fall  on  to  an  inclined  steel  plate,  by  which 
they  are  diverted  or  deflected  into  a  steel  bin 
of  ample  capacity  for  receiving  the  contents  of 
two  of  the  maximum  capacity  cars. 
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The  high  structural  efficiency  of  the  large 
capacity  40  to  so-ton  cars  makes  this  system  of 
discharging  most  effective  and  rapid  ;  for 
instance,  one  ordinary  tilting  apparatus  will 
discharge  a  50-ton  car  in  two  minutes.  This 
is  equivalent  to  an  hourly  capacity  of  car  dis- 
charge— including  the  lifting  of  the  ore — of 
1,500  tons,  and  the  reception  bin  capacity 
should  be  of  equivalent  proportions,  be- 
cause it  is  quite  obvious  that  the  bin  dis- 
charge must  be  as  rapidly  effective  as  the 
operation  of  charging.  The  bins  can,  of  course, 
have  twin  discharge  doors,  one  on  each 
side,  the  floors  of  the  bins  inclining  towards 
each  discharge  door. 

The  bins  are  longitudinally  divided  into  two 
compartments  of  a  size  proportionate  to  the 
capacity  of  two  electrically  propelled  cars,  that 
travel  directly  under  the  bins  and  their  dis- 
charge doors.  Each  car  carries  two  specially 
constructed  buckets.  To  differentiate  these 
cars  and  their  buckets,  they  will  be  referred  to 
in  this  article  as  bucket  cars.  The  bucket  cars 
are  the  agents  by  which  the  mineral  is  trans- 
ferred to  the  stock  heap. 

The  bins  are  divided  into  compartments,  so 
that  the  discharge  can  be  proportioned  to  the 
capacity  of  the  buckets  provided  for  receiving 
the  mineral.  The  bin  discharge  doors  have 
independent  actuating  gearing,  electrically 
driven,  and  any  one  of  the  discharge  doors  can 
be  put  in  motion  from  one  point.  Each  of  the 
compartments  has  a  storage  capacity  of  some 
ten  tons. 

The  bucket  cars — heavily  constructed — are 
independently  electrified,  collecting  their  ener- 
gising current  from  side  conductors,  consisting 
of  guarded  iron  bars,  on  which  slide  the  con- 
tacts as  shown  in  the  figure.  The  bucket  car 
sidings  are  so  arranged  that  the  discharged 
bucket  cars  can  be  shunted  out  of  interference 
with  the  movement  of  the  full  cars— the  switches 
being  self-operating,  either  by  the  assistance  of 
rising  grooves  or  by  springs — so  that  the  cars, 
in  their  movement  past  the  location  of  discharge, 
are  automatically  diverted  on  to  a  siding  that 
brings  them  round  to  the  bins,  the  operations 
thus  being  continuously  cyclical.  Two  bucket 
cars  are  generally  coupled  together.  One  of 
them  is  provided  with  a  steel  guard  or  cover 
under  which  a  man  controls  the  movement  of 
the  bucket  cars. 


Each  car  has  places  for  two  buckets,  posi- 
tion or  seating  blocks  being  provided  for 
maintaining  the  buckets  in  position.  Only 
three  full  buckets  are  actually  carried  by  the 
two  cars.  The  fourth  bucket  location  is  pro- 
vided to  permit  the  bucket  car,  after  discharge, 
to  be  returned  to  the  bins  with  the  least  possible 
loss  of  time.  The  vacant  location  receives  the 
empty  bucket  left  by  the  preceding  cars,  because 
the  bucket  cars  return  to  the  ore  bins  when  the 
last  bucket  has  been  lifted  from  it  by  the  over- 
head traveller  crane.  A  sectional  view  of  the 
bucket  is  shown  in  fig.  i. 
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FIG  I.      SECTION   OF  ORE  BUCKET. 

FROM    OAR   TO   8TOOK    PILK. 

The  hoisting,  distributing  and  discharge  of 
the  bucket  contents  are  effected  by  means  of  a 
Brown  traveller  or  transporting  crane,  which 
we  owe  to  the  ingenuity  of  the  engineers  of  the 
Brown  Hoisting  Company.  For  the  distribution 
and  stacking  of  minerals  this  type  of  crane 
possesses  many  advantages— especially  where 
speed  and  enormous  capacity  are  the  most 
desirable  requirements. 

Of  course,  such  a  type  of  crane  is  only  avail- 
able for  outdoor  service,  and  when  the  principle 
of  removing  the  ore  outside  the  serious  influences 
of  wet  weather  has  to  be  considered,  this  type 
of  crane  will  of  necessity  have  to  give  way  ta 
the  ordinary  traveller  or  other  equivalent. 

The  central  span  of  the  Brown  Hoisting 
Crane  is  250  ft.  long.  One  end  is  supported 
by  a  vertical  built-up  standard,  the  opposite 
end  being  supported  by  a  sheer  leg.  The  main 
horizontal  girder  is  62  ft.  above  the  stock  floor 
level.  One  girder  cantilever,  i6o  ft.  long,  projects 
over  the  portion  of  the  stockyard  and  over  the 
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receiving  portion  of  the  bucket  car  siding.  At 
the  opposite  end  the  girder  projects  148  ft.  The 
central  girder  part  and  the  two  projecting 
girders  at  each  end  make  up  an  overall  crane 
length  of  550  ft.,  providing  a  sweep  for  hoisting 
and    traversing    effort    equal   to   540  ft.     The 


FIG.  2.      SHOWS  OPERATION'    OF    FILLING  ORE    BUCKET. 


traversing  distance  is  of  course  only  limited  by 
the  length  of  the  pier  tracks. 

The  Brown  Crane  has  its  own  engine- 
house  equipment,  located  in  such  a  position  as 
will  permit  the  greatest  possible  transverse 
movement  of  the  buckets.  The  construction  of 
the  standards  is  clearly  shown  in  the  illus- 
trations. The  standards  at  their  base  have  a 
width  of  19  ft.  6  in.,  being  reduced  to  15  ft.  at  the 
top.  The  rail  carriage  supporting  the  standards 
is  most  strongly  and  solidly  constructed.  The 
sheer  leg  part  of  the  crane  is  formed  of 
two  steel  posts,  se'parated  at  their  base  by 
some  20  ft.,  but  joined  above  the  stringer  level 
of  the  crane.  The  two  posts  are  strongly 
braced  together,  and  rest  solidly  on  their 
carriage,  the  latter  being  formed  of  two  trucks 
as  shown. 

The  Brown  Crane  is  operated  electrically, 
the  potential  of  electrical  power  being  made 
up  of  two  135  h.p.  electric-motors  installed 
in  the  crane  engine  house.  The  motions 
of  propulsion,  hoisting,  and  haulage  are  trans- 
mitted to  the  truck  wheels  of  the  carriage, 
carrying  the  crane  supports,  by  means  of  suit- 
able shafting  and  gearing.  Suitable  contrivances 
prevent  the  shafting  from  being  subjected  to 
excessive  or  abnormal  torsional  influences  such 
as  would  be  caused  through  changes  in  the 
position  of  the  crane  supports.  For  instance, 
the  crane  is  centraHsed  on  the  main  standard 
support,  and  it  can  be  made  to  turn  through  the 
distance  necessary  to  prevent  the  disturbance 
or  strain  of  the  motion  transmitting  shafting. 

The  general  construction  of  the  crane  is 
based  on  an  inversed  application  of  the  bow- 
string principle  of  bridge  construction,  the 
bottom  cords  being  parabolic  and  the  upper 
ones  straight.  All  the  compression  members  are 
built  up  of  mild  steel  channels,  gas  tubing  being 
employed  for  the  tensional  members.  In  order 
to  obtain  the  necessary  metallic  cross-sectional 
area  for  the  main  tensional  members,  with  the 
minimum  degree  of  wind-resistance  area,  these 
members  are,  wherever  possible,  made  of  plate 
steel  with  only  their  edges  exposed  to  horizontal 
wind  pressure  effects.  The  subordinate  ten- 
sional members,  such  as  the  diagonal  ones,  are 
made  of  the  best  wrought  iron. 

Hanging  beams,  extending  the  entire  length 
of  the  crane,  carry  the  traversing  bogie  or 
trolley  throughout  its  entire  course  from  end  to 
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FIG.  3.       STOCKYARD    ELECTRIC-LOCO.,    WITH    ITS   MINERAL   CAR    SUSPENDED   (WEIGHING   TYPE)    FOR 
TRANSFERRING   THE    ORE   FROM   THE   STOCKYARD  TO   FL'RNACE    ELEVATOR. 


end,  or  540  ft.,  the  standards  being  so  formed  as 
to  permit  the  unobstructed  movement  of  the 
trolley  and  its  suspended  bucket.  The  trolley  is 
hauled  backwards  and  forwards  by  means  of  a 
steel  rope,  actuated  by  a  winding  engine  located 
in  the  engine  house. 

The  rapidity  and  effectiveness  of  the  crane  is 
such  that  a  bucket  of  mineral,  of  a  holding 
capacity  of  9  to  10  tons,  and  having  a  tare  weight 
of  13  tons,  can  be  transferred  from  one  point  to 
another  at  a  speed  of  12  to  15  ft.  per  second,  and 
lifted  bodily  at  a  speed  of  4  to  5  ft.  per  second. 
The  crane  is  easily  capable  of  hoisting,  trans- 
mitting and  discharging  thirty  bucket  loads,  or 
300  tons  of  minerals  per  hour.* 

The  object  of  the  pointed  spears  projecting 
from  the  sides  of  the  crane  buckets  is  to  reduce 

•Aerial  wo  Link  Chxix  Tk\xsi»oki  Mkihops— The  author  has 
noticed  that  in  Cicrm.my  aerial  nictluKls  oi  tran«{-H»rlinj;  minerals  arc 
in  reijular  use — in  some  in^^tances  the  tiansmi>!>ion  distance  is  very 
considerable. 

The  actuation  of  llie  trolley  can  be  ettccted  either  by  mere  steel  rope 
haulnjie  or  by  electricity.  The  system  vo  tar  does  not  appear  to  have 
been  applied  lor  di'^tnbulini;  the  minerals  loniiitudinally  and  trans- 
versely, but  the  author  i«i  s.iti*>fied  that  within  a  certain  range  ol  area  at 
leavt  both  directions  could  be  covered  >iuuiitaneou5ly. 

The  ev«.>lution  ot  transportation  by  link  chain  meth«.Kls  has  greatly 


the  amount  of  side  scattering  of  the  minerals 
when  the  bucket  is  overturned.  By  means  of 
a  simple  trapeze  gear,  controlled  from  the  crane 
engine  house,  it  is  possible  to  tip  over  or  dis- 
charge the  bucket  at  any  point  desired. 

Of  course,  the  ore  can  be  transferred  direct 
from  the  railway  sidings  to  the  well  of  the 
furnace  hoist.  It  is  usual,  however,  to  pro- 
vide an  ample  margin  of  stock,  to  satisfy  all 
normal  contingencies,  as  the  working  of  a 
large  capacity  furnace  from  mine  to  furnace 
mouth  without  such  margin  is  dangerous. 

FROM    STOCK    HEAP    TO    FURNACE    ELEVATOR. 

We  must  now  consider  the  arrangement  for 
transferring  the  mineral  on  the  stock  heaps  to 
the  furnace  elevator. 

pro^res>ed  within  the  last  tew  years,  and  no  scheme  of  mineral  tran-^ 
|v>rtation  should  tail  to  take  the  meit*.  ot  thi-.  method  into  account, 
especially  when  the  a"4.tation  ot  the  mate-ial  in  miti^n  is  not  likely  tc» 
produce  physical  d.^iuteclration.  The  link  chain  system,  however,  in 
any  ot  its  application^*  is  l.kcly'to  li.ive  a  higher  p  jw^  absorpt  ioa  tor  a. 
given  weijilit  tiauNmittevl  than  the  aerial  or  lirown  crane  s>-slcm. 

Another  typ-  ot  transportation  .ippa~ata'*  and  one  entirely  of  British 
origin  is  the  Timp>erley  tian>«p  uter.  This  pi>.sesscs  many  of  the 
ad\anta^eNot  the  Brown  h*>;'.tioc  ^rranjictntnt  and  has  already  been 
applied  tor  mineral  tran>portat;oa  pi:rpo?eN^ 
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The  bucket  used  for  this  purpose  is  peculiarly 
designed.  It  is  really  a  neat  combination  of  a 
shovel  and  a  container.  The  modus  operandi  is 
as  follows :  the  bucket,  with  its  shovel  mouth, 
is  dragged  over  the  sloping  or  inclined  surface 
of  the  mineral  pile  and  in  its  movement  it  is 
rapidly  filled.  (See  fig.  2.)  The  entire  opera- 
tion is  controlled  from  the  engine-house. 
Automatic  indicators  show  the  operator  when 
he  may  hoist,  traverse,  or  overturn  the  bucket 
and  apply  suitable  brake  clutches. 

The  bins  for  receiving  the  minerals,  etc. 
(inverted  truncated  cones  in  cross  section),  have 
double  discharge  doors — one  delivering  the 
mineral  to  the  right  and  one  to  the  left.  The 
bin  discharge  doors  are  curved  to  a  radius 
of  a  circle,  and  they  revolve  around  a  hori- 
zontal axis,  although  each  door  can  be 
independently  actuated.  The  bins  discharge 
their  contents  into  a  suspended  electric  hauled 
car.  (See  fig.  3.)  Each  car  has  its  own 
independent  electric-loco.,  powerful  enough  to 
haul  two  cars— which  are  suspended  from 
bogies  running  on  girders,  fixed  and  arranged 
ill  such  a  way  that  the  discharge  of  the  minerals 
is  not  intercepted.  The  car  is  equipped  with 
weighing  scales,  so  that  the  electric-loco,  driver 
can  charge  his  car  with  a  predetermined  mixture, 
made  up  from  different  bins. 

This  suspended  electric  -  loco,  stockyard 
mineral  car  train  delivers  the  charge  to  the  fur- 
nace elevator  well,  or  at  a  location  near  to  the 
furnace  hoist.  The  same  suspended  and  electric- 
loco,  car,  adapted  to  the  coke  bins,  permits  the 
coke  to  be  hauled  rapidly  to  the  furnace  elevator 
well,  where  it  can  be  mixed  with  the  materials 
making  up  the  furnace  burden. 

DUQUKSNK    INSTALLATION. 

The  stockyard  of  the  famous  Duquesne  Plant 
has  ample  space  for  the  storage  of  600,000  tons 
of  ore.  Its  dimensions  are  :  length,  1,085  ft.  ; 
width,  226  ft. 

The  stockyard  is  spanned  by  three  Brown 
travelling  cranes  of  the  character  described. 
During  stocking  season.  Hopper  bottom  cars 
are  discharged  into  bins  arranged  in  two  rows, 
one  of  which  is  allocated  to  supply  the  immediate 
demands  of  the  furnaces  ;  the  other  row,  nearest 
stock  accumulation,  is  used  for  transferring  ore 
Irom  tlie  cars  to  the  ore  buckets.    The  latter. 


when   filled,  are  picked  up  by  the  crane  and 
automatically  dumped  on  to  the  stock  piles. 

The  removal  of  the  ore  from  the  stock  piles 
is  accomplished  by  the  drag  or  bucket  crane,  as 
described.  The  holding  capacity  of  the  drag 
bucket  is  five  tons.  The  drag  buckets  collect 
the  ore  from  the  face  of  the  heap  or  pile,  and 
then  transport  it  either  into  the  bins  or  bin- 
filling  care.  The  loaded  cars  are  run  over  the 
bins  allocated  to  receive  their  contents. 

LORAIN    COMPANY'S    INSTALLATION. 

In  the  Lorain  Company's  installation  the 
stock  bins  are  located  underground.  The  stock 
bins  are  725  ft.  in  length.  The  stock  bin  cars, 
electrically  propelled  with  their  own  motor, 
are  equipped  with  self-contained  weighing 
hoppers,  so  that  the  carman  can  both  transport 
and  weigh.  Five  of  these  transport  and  weigh- 
ing cars  satisfy  the  requirements  of  two  furnaces. 
The  discharge  door  of  the  transport  hopper  is 
opened  and  closed  by  a  direct  and  vertically 
operating  pneumatic  cylinder,  the  air  .  being 
compressed  by  an  electric-motor.  The  ore, 
hmestone,  and  coke  are  transported,  weighed, 
and  delivered  to  the  furnace  skip  car  by  the 
transport  and  weighing  cars  that  draw  their 
supply  from  the  chutes  in  the  bottom  of  the 
bins.  The  skip  car  tlien  conveys  the  charges  up 
the  incline  and  delivers  them  at  the  furnace 
top. 

FROM   FLOOR  TO  PLATFORM   OF  FURNAOK. 

In  the  modern  American  practice  the  ver- 
tical lift  elevator,  whether  direct  lift  winding, 
hydraulic  or  steam,  has  been  displaced  by  the 
inclined  rail  track  similar  to  that  shown  in 
fig.  4,  or  that  of  the  illustration  on  page  282,  show- 
ing the  general  elevation  of  a  mineral  elevating 
equipment  and  associated  charging  gear  of  a 
modern  American  furnace.  By  a  very  clever 
device  the  skip  is  made  automatic  or  self-dis- 
charging, its  contents  passing  direct  into  the 
well  of  the  charging  bell.* 

It  will  be  noticed  on  referring  to  the  figures 
that  the  gauges  of  the  front  and  back  wheels  of 
the  charging  skip  are  different,  the  rear  wheels 

•  The  usual  an^le  of  the  skip  on  tilting  discharge  is  67deg.  from 
the  horizontal  plane. 

The  sidpt  are  hoisted  by  a  pair  of  i^in.  steel  cables — the  winding 
dium  has  a  diameter  of  6  ft.,  and  may  be  operated  by  steam  or 
electrically. 

In  order  to  lessen  the  impact  eftect.  when  the  skip  reaches  the 
tilling  height,  a  spring  butler  is  provided  for  the  rear  wheels  of  the  skip 
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having  a  wider  rim  surface  than  the  front  ones. 
The  object  of  this  dissimilar  wheel  rim  width 
will  be  obvious.     Oil  referring  to  fig.  4,  it  will 


Two  hoisting  trips  of  the  skip  elevate  the  ore 
and  limestone. 

Two  skip  loads  of  coke  or  of  limestone  and 
ore  are  maintained  on  the  charging  bell  to  keep 
it  cool. 

The  Koisliiig  trips  are  made  at  inter^-als  of 
four  minutes. 

The  cubic  capacity  of  the  hoisting  skip  is 
240  cubic  feet. 

The  hoisting  power  is  made  up  of  a  pair  of 
14  in,  by  16  in.  engines  geared  6 '5  to  i. 

An  alternative  arrangement  is  to  drop  the 
inner  rail  of  the  track  so  that  the  forward 
wheels  of  the  skip  fall  and  effect  the  tilting  of 
the  rear  wheels^  which  remain  on  the  ordinary 
inclined  track.  No  furnace  charging  arrange- 
ment c.tn  be  considered  satisfactory  that  does 
not  prevent  ihe  possibility  of  the  skip  being 
uverturned,  and  the  arrangement  shown  in 
Itg.  4,    if    properly    designed,    vvoukl    make  it 


be  seen  that  tlie  arrangement  permits  a  special 
or  secondary  track  to  be  provided  at  the  pUit- 
form  or  top  of  the  furnace  on  which  the  rear 
wheels  can  travel,  and  this  track  may  be  so 
devised  as  to  elevate  the  back  part  of  the 
charging  skip  when  it  reaches  the  top  of  the 
inclined  track.  The  wtder-rinirned  rear  wheeN 
run  over  the  special  outer  track,  which  raises 
them  and  the  rear  end  of  the  skip  into  a  tilting 
position  such  tliat  its  contents  are  deposited  into 
the  furnace  charging  bell 

The  following  are  reference  details  of  the 
hoist  operating  programme  at  one  of  the  most 
recently-constructed  American  furnaces.  Four 
hoisting  trips  are  made  for  one  lowering  of  the 
charging  bell  ;— 

Two  hoisting  trips  of  tlie  skip  elevate  the 
coke, 

ELEVATION-   OF   INCLINED   FURNACE    HOIST  (GERMAN -AMERICAN   TYPE)   WITH    DOUBLE    BELL 

CHARGING   GEAR. 


^^^  III!  1 1 1 1.1 1  iinf \m(i^  9^.vi.  ^.if't'..  p<p'" 
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impossible  for  the  skip  to  be  drawn  into  the  well 
of  the  charging  bell. 


THE  UNIFORM  CHARGING  OF   THE   MINERALS 
INTO  THE  FURNACE. 

There  are  several  arrangements  in  use,  de- 
signed to  secure  in  a  less  or  greater  degree,  the 
uniform  distribution  of  the  materials  around 
the  main  charging  bell,  so  that  when  the  latter 
is  lowered  the  materials  fall  in  equal  proportions 
all  round  and  from  the  bell  rim,  and  the  burden 
of  the  furnace  is  maintained  at  a  unitorm  depth. 

One  arrangement,  directly  and  centrally 
superposed  over  the  main  charging  bell,  pro- 
vides a  secondary  and  much  smaller  charging 
bell  whose  well  is  of  sufficient  capacity  to 
receive  the  contents  of  a  specific  number  of 
skips.  When  these  skips  have  been  dis- 
charged, the  smaller  bell  is  lowered,  de- 
positing the  minerals,  etc.,  more  or  less 
uniformly  all  round  the  main  charging  bell. 
When  the  main  bell  is  lowered  the  superposed 
bell  is  maintained  closed,  so  that  the  gas  can- 
not in  a  serious  degree  escape  from  the  furnace.* 
In  modern  German  practice,  the  charging  of 
the  mineral  into  the  superposed  bell  is  also 
proposed  to  be  effected  in  such  a  way  as  to 
secure  uniform  distribution  of  the  mineral  on 
to  the  secondary  bell — this  arrangement  is 
shown  on  page  283.  It  will  be  noticed  that  the 
charging  skip  is  also  equipped  with  a  discharge 
bell. 

Fig.  5  shows  another  arrangement,  in  use  in 
American  furnaces,  having  for  its  object  the 
uniform  distribution  of  the  minerals  into  the 
furnace.  Instead  of  the  secondary  super- 
posed charging  bell,  a  mineral  receptacle  into 
which  the  skips  deposit  their  burden  is  made 
to  revolve  horizontally  by  means  of  pinion  and 
circular  rack  gearing,  set  in  motion  as  the  skip 
descends ;  each  mineral  discharge  of  the  skip 
into  the  receptacle  is  by  this  rotation  uniformly 
deposited  on  to  the  bell  and  all  round  it.  When 
the  well  of  the  main  bell  has  received  its  full  com- 
plement of  minerals,  the  bell  is  lowered,  but  the 
gas  is  prevented  from  escaping  by  the  rotation 
of  the  receptacle  which  closes  off  ingress  con- 
nection to  the  main  charging  bell. 

•  The  upper  and  secondary  bell  rccei\cr  or  hopper  is  equipped  willi 
readily  removable  covtrs.  and  it  can  be  bodily  removed  it  required. 

The  receiver  is  also  made  re.languUir  in  shape,  so  that  it  can  receive 
the  contents  oi  two  skips. 

The  well  o(  the  main  charging  bell  is  equipped  with  explosive  dojrs 


FIG.  4.     AMERICAN   TYPE   OF   ELEVATOR  AND  TOP  GEAR 
WITH    ROTATING    MINERAL    DISTRIBUTOR. 
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The  prevention  of  the  escape  of  the  gas 
during  charging  operations  is  very  desirable, 
because  combustible  gas  means  power,  and 
power  means  money.  Many  British  furnaces, 
even  now,  have  actually  no  charging  bell  at  all, 
and  a  great  part  of  the  valuable  power-gas  is 
thus  lost ;  when  such  furnaces  are  closed  in, 
the  lowering  of  the  bell  means  the  escape  of  a 
considerable  volume  of  gas.  The  author  has 
designed  a  secondary  and  balanced  cover  ar- 
rangement to  prevent  such  a  gas  escape.  (See 
fig.  6.)  The  application  of  the  contrivance 
does  not  interfere  with  the  existing  arrangements 
of  charging. 

The  direct  elevating  arrangement  shown  in 
fig.  7,  designed  by  Mr.  Healey,  is  an  enlarged 
adaptation  of  the  ordinary  bucket  chain  elevator, 
and  is,  therefore,  continuous  in  action. 

It  possesses  the  following  features:  Its  con- 
tinuity of  action  enables  the  tare  weight  of  the 
buckets  to  be  more  or  less  exactly  counter- 
balanced. There  is  no  possibility  of  over- 
winding. The  energy  absorbed  in  overcoming 
the  inertia  of  the  buckets  is  reduced  to  a  mini- 
mum.    The  arrangement  for  the  distribution  of 


¥lO.  6.    ARRAXGEMEXT   FOR    PREVEXTIXG  THE  ESCAPE 

UK  FURXACE  GAS  DURIXG  CHARGIXG  OPERATION,  FOR 

FURNACES  EQUIPPED  WITH    AN   ORDINARY    BELL 

USUAL   IN    BRITISH    PRACTICE. 


a^TCMST    bflUB^^itd 


FIG.   7.    TYPE   OF   BUCKET   ELEVATOR,  WITH    ARRANGE- 
FIG.  5.   AMERICAN  TYPE  OF  FURNACE    ELEVATOR,  WITH  j^IKXx    FOR   DISTRIBUTING  THE    MINERAL 

KO FATING    MINERAL   DISTRIBUTOR.  I^'TO   THE    FURNACE. 
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TRANSPORT  OF   MIXERAL  ORES   OX   THE   ROBIXS    SYSTEM. 
Showing  the  method  of  transferring  the  ore  from  the  car  to  the  conveyor. 


the  charging  of   the  load   into  the  furnace  is 
shown  in  fig.  7. 

Over  the  main  charging  bell  there  is  an  ore- 
distributing  receptacle  mounted  on  flanged 
wheels.  The  receptacle  is  divided  into  six 
compartments,  each  having  its  own  discharge 
or  bottom  door.  This  receptacle  rotates  on  the 
.wheels  on  which  it  is  mounted,  in  such  a  way 
that  when  the  skip  reaches  ihe  top  of  the 
elevator  incline  and  is  ready  to  discharge  ils 
contents,  one  of  the  six  compartments  is  always 
ready  to  receive  them.  The  rotation  of  the 
receptacle  synchronises  with  the  inteiTals, 
ascent  and  discharge  of  the  different  skips,  the 
movement  of  which,  ascending  and  descending, 
effects  the  rotation  of  the  distributing  receptacle. 
The  opening  of  the  discharge  doors  of  the 
receptacle  permits  the  mineral  to  fall  on  to  the 


main  charging  bell,  but  when  the  latter  is 
lowered  the  discharge  doors  are  closed,  thus 
preventing  the  escape  of  the  gas  during  the 
operation.  The  elevation  of  the  bucket  should 
automatically  register  its  ascent  and  the  fact 
that  it  is  loaded. 

The  development  of  the  ordinary  chain 
elevator  type  in  recent  years  has  been  extremely 
great,  and  in  that  of  the  Robins'  type  particularly. 
This  exceedingly  efficient  method  of  transpor- 
tation is  in  common  use  for  transporting  ores. 
An  example  of  its  application  to  the  transport 
of  iron  ores  is  shown  in  the  accompany- 
ing illustration.  In  the  frontispiece  will 
be  found  an  illustration  of  the  Robins'  Con- 
veyor, showing  the  transfer  of  the  mineral 
over  an  incline  having  a  very  considerable 
gradient. 
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NEVV'^DIVIDIXG    HEAD    AXD    TAILSTOCK    FOR    CIXCIXN'ATI     UXIVKKSAL    MILLIXG    MACHIXES. 


HILLING  nACHINE5. 


JOSEPH     HORNER. 

Deals  with  the  Univei-s:il  Indexing  and  Dividing  Heads,  Tailstocks.  and  other  Fittings. 


IIL 


GOOD  idea  can  be  gathered 
of  the  general  construction 
of  milling  machines  from 
photo  illustrations.  But 
there  are  certain  details 
which  cannot  be  understood 
or  explained  clearly  with- 
out detailed  drawings.  Chief 
among  these  is  the  Universal  Indexing  and 
Dividing  Head,  which  is  one  of  the  most 
remarkable  elements  in  machine  tool  design,  by 
reason  of  the  very  high  degree  of  precision 
embodied  in  it.  The  same  remark  applies  to 
feeds,  to  be  considered  in  another  article. 

A  machine  is  rendered  universal  by  the  fitting 
of  a  spiral  head  and  index  plate,  in  conjunction 
with  a  swivelling  table  and  change  gears.  The 
index  plate  gives  divisions  of  a  circle,  and 
change  gears  impart  the  spiral  movement  while 
the  table  is  being  traversed  by  the  feed  screw. 
Though  there  are  similarities  in  external  appear- 


ance in  most  dividing  heads,  yet  there  is  a  good 
deal  of  difference  in  detail  and  in  workmanship. 
We  cannot  do  better  under  these  cirjcumstances 
than  illustrate  one  of  the  best  and  latest  types 
with  sectional  views,  that  of  the  Cincinnati 
Milling  Machine  Company,  of  Cincinnati,  Ohio. 

THK  CINCINNATI  UNIVKR8AL  HKAD. 

The  general  appearance  of  the  machine  itself 
as  now  made  by  the  firm,  is  seen  in  lig.  i,  the 
head  and  back  centre,  are  shown  in  the  photo 
fig.  2,  while  the  detail  drawings  of  the  head 
are  given  in  ligs.  3,  4,  5.  Fig.  3  illustrates  the 
head  and  tailstock  in  external  elevation,  and 
figs.  4  and  5  are  sections  of  the  former  in  the 
longitudinal  and  transverse  directions  respec- 
tively. 

Distinctive  features  of  this  design  are  the 
following  : — 

The  swivelling  block.  A,  which  carries  the 
spindle,  B,  makes  a  complete  revolution  in  the 
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vertical  direction.  This  it  has  in  common  with 
some  other  modern  heads,  but  in  general  the 
movements  of  heads  are  confined  to  angles 
ranging  from  10  deg.  below  the  horizontal  and 
10  deg.  beyond  the  perpendicular.  And  when 
cutting  spirals  the  movement  is  still  large, 
ranging  between  5  deg.  below  the  horizontal 
to  50  deg.  beyond  the  perpendicular.  The 
capacity  for  complete  revolution  is  in  some 
cases  an  advantage,  because  it  permits  of  the 
cutting  of  right-  and  left-hand  work  without 
changing  the  cutter,  and  the  cutting  of  the  same 
piece  of  work  on  either  side  of  the  perpendicular. 
Moreover,  the  swivelling  block  is  contained 
wholly  within  its  bearings  at  whatever  angle  it 
may  be  set.  By  means  of  a  new  clamping 
arrangement  it  is  held  securely  in  any  position 
without  strain  being  thrown  on  the  spindle. 
This  comprises  two  trunnion  bearings  on  the 
swivelling  block,  embraced  by  the  clamping 
rings,  C,  pinched  by  two  cap  screws,  D,  the  action 
being  similar  to  that  of  clamping  a  shaft  tightly 
in  its  bearings.  In  this  case  the  circumference 
of  the  trunnion  is  very  large,  with  the  result 
that  no  disturbing  influence  can  possibly  affect 
the  spindle  or  the  worm  gear.  The  edge  of  the 
swivelling  block  is  of  course  graduated  into 
degrees. 


FIG.    4. 


The  spindle.  A,  is  provided  with  a  clamp  ring 
at  Hy  which  secures  it  endwise,  and  does  not 
disturb  its  accuracy.  The  coned  bearing  neck 
at  the  front  and  the  coned  bushing  at  the  back 
afford  provision  for  taking  up  wear.  The 
hollow  spindle  has  a  tapered  hole  in  front. 

THK  DIVIDING  IMKCHANI8M8. 

These  include  the  worm  and  wheel,  and  a 
special  and  very  convenient  index  plate,  E. 
The  latter  is  used  for  getting  low  numbers  in 
order  to  avoid  the  risk  of  mistakes  that  some- 
times occur  in  counting  the  number  of  turns  of 
the  worm  for  low  numbers.  Divisions  under 
40  are  obtained  with  this  plate.  On  all  divisions 
of  40  and  over,  more  than  one  turn  of  the 
worm  is  not  required. 

The  plate,  E,  for  direct  indexing,  is  dish- 
shaped,  and  has  three  circles  of  holes,  24,  30, 
and  36  on  the  back,  in  a  position  where  they 
are  protected  from  dirt  and  chips.  This,  with 
the  adjustable  pin,  F,  is  seen  in  sectional  detail 
in  fig.  4.  The  pin  holes  for  4  and  6  divisions, 
which  are  so  frequently  required  for  fluting, 
nut-making,  etc.,  have  their  positions  indicated 
on  the  edge  by  figs.  4  and  6,  so  saving  the 
trouble  of  counting  the  holes.  This  plate  has  a 
further  and  subsidiary  utility,  since  when  it  lies 
in  a  position  approaching  to  the 
vertical  it  affords  protection  to  the 
cutting  head  from  falling  chips  and 
oil. 

DI8CONNKCTION  OF  WORM  AND  WHKKL 
AND  THKIR  ADJU8TIMKNT8. 

The  worm,  G,  and  its  wheel,  H, 
are  seen  in  gear  with  each  other  in 
the  drawings.  To  effect  their  dis- 
connection the  worm  is  dropped 
bodily  in  its  bearing  or  case,  J.  This, 
it  must  be  noted,  is  a  vertical  move- 
ment only,  and  not  an  eccentric 
one.  It  is  effected  by  the  eccentric 
pin,  K,  that  moves  the  case  bodily 
up  or  down.  As  the  latter  is  con- 
fined sideways,  the  eccentric  end 
of  the  pin  is  inserted  in  a  bushing, 
L,  which  has  endlong  motion  in  the 
worm  case,  and  so  produces  the 
motion. 

The  screws,  M,  tie  the  worm  case 
to  the  block  above,  which  is  drilled 
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FIG. 


for  L,  and  by  means  of  these  screws  the  worm 
is  adjusted  to  the  wheel.  This  is  a  straight 
line  movement,  as  it  should  be.  At  the  other 
end  the  worm  case  swivels  about  the  pin,  N, 
as  a  centre. 

There  are  thus  two  separate  adjustments  pro- 
vided, and  each  in  a  straight  line,  that  for  taking 
up  wear  by  the  screws  M,  and  that  for  engage- 
ment and  disengagement  by  the  lever,  K,  and 
sliding  pin,  L,  both  of  which  are  ideal  arrange- 
ments, theoretically  correct. 

The  worm  is  single-threaded,  and  right- 
handed,  with  two  and  a  half  threads  per  inch. 
It  runs  in  a  bath  of  oil  supplied  through  the 
tube,  O.  The  cap,  P,  can  be  removed  for  pur- 
poses of  cleaning  and  examination.  The  wheel 
has  the  usual  forty  teeth,  so  that  forty  turns  of 
the  handle,  R,  move  it  through  one  revolution. 
Both  it  and  the  index  plate  are  of  good  size. 

THK     INDKX    PLATE. 

The  index  plate,  Q,  is  drilled  from  both  sides, 
so  that  when  reversed  it  provides  a  large  num- 
ber of  divisions  without  having  to  use  extra 
plates.  Extra  special  plates  are  however  pro- 
vided for  effecting  divisions  that  cannot  be 
obtained  directly  from  the  standard  plate  which 
IS  furnished  with  a  machine — the  principle  being 
the  addition  or  subtraction  of  fractions — adding 


or  subtracting  two  indexings.  Such  divisions 
have  hitherto  been  obtained  by  the  tedious 
method  of  compound  indexing.  The  work  is 
rather  puzzling  to  the  uninitiated,  and  a  descrip- 
tion of  it  would  encroach  too  much  upon  the 
space  at  our  disposal. 

The  dividing  or  indexing  head  is  used  on 
plain  milKng  machines  as  on  universals,  but  the 
change  gears  for  spiral  work  only  upon  the 
latter.  The  illustrations,  figs.  3  and  5,  render 
this  distinction  clear.  In  fig.  5  the  revolution 
of  the  handle  or  index  pointer,  R,  turns  the 
worm  and  its  wheel  through  equal  gears,  S,  T. 
When  spirals  are  being  cut  the  worm  is  driven 
through  the  gear,  U. 

THK    CHANQK    QEAR8. 

The  connecting  up  of  change  wheels  from  the 
lead  screw,  V,  is  illustrated  in  fig.  3,  W  being 
the  swing  plate,  and  X  one  of  the  two  studs  for 
compounding  trains.  The  motion  is  transmitted 
to  the  spindle  at  right  angles  by  the  bevel 
wheels,  V,  actuating  the  spur  wheels  shown  in 
fig.  5.  The  dotted  lines  of  these  bevel  wheels 
are  seen  in  fig.  3,  in  which  details  may  be  noted, 
by  the  way,  of  the  ball  thrusts  to  the  lead  screw, 
Woodruff  keys  to  the  worm  wheel,  and  some  of 
the  fixed  gears ;  also  a  fine  adjustment  of  the 
index   plate   by  ratchet  and  pin  for  resetting 
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work.  But  we  must  now  give  some  attention 
to  the  methods  of  operating  this  piece  of 
mechanism. 

THE     METHOD    OF     INDEXING,    AND    OF     CUTTING 
SPIRALS. 

We  start  with  the  fact  that  the  arrangement 
of  gears  permits  the  spindle  to  be  rotated  auto- 
matically at  whatever  angle  it  may  be  placed, 
that  the  index  plate  gives  equal  divisions,  and 
that  the  change  gears  impart  a  rotary  motion  to 
the  spindle,  the  amount  of  which  bears  a  rela- 
tion to  the  pitch  of  the  lead  screw.  As  the 
worm  thread  and  the  worm  teeth  are  as  one  to 
40,  forty  revolutions  of  the  wheel  to  one  of  the 
worm  form  the  basis  of  calculation.  The  value 
of  the  index  plate  used  in  conjunction  with  this 
lies  in  making  sub-divisions  when  the  crank  or 
pointer  has  to  make  less  than  a  complete  revo- 
lution to  effect  the  required  division.  Thus, 
forty  turns  of  the  crank  effect  one  revolution  of 
the  main  spindle,  and  one  turn  would  effect  a 
fortieth  of  a  revolution  of  the  main  spindle,  and 


therefore  this  operation  would  have  to  be  re- 
peated forty  times  to  obtain  forty  divisions  t<j 
the  circle.  To  obtain  eighty  divisions  the  crank 
would  be  turned  but  half  way  round  for  each 
division ;  to  obtain  twenty,  two  turns  would  be 
required.  Hence  the  rule — divide  40  by  the 
number  of  divisions  required,  and  the  quotient 
will  be  the  number  of  turns  or  parts  of  a  turn 
which  will  have  to  be  imparted  to  the  crank 
Thus— 


40 


=  I 


40 


^—5 
40  80  20 

Or,  taking  a  number,  say  144,  then  ^\%  may  be 

reduced  to  i'h,  which  means  that  the  crank  musi 

be  moved  A  of  a  turn. 

THE   SECTOR. 

In  getting  into  these  fractional  parts  it  is 
necessary  to  select  circles  of  holes  which  are 
either  of  the  number  required,  as  18  in  this 
instance,  or  a  multiple  of  the  same,  as  36,  54. 
72,  etc.     Here  the  value  of  the  sector  comes  in, 


FIG.    6.      CUTTING    A    SPIRAL    GEAR    OX    A    BROWN    AXD    SHARPE    UNIVERSAL. 
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FIG.    7. 


TYPE    OF   TAILSTOCK 
COXTIXENT. 


IX     USE    OX   THE 


because  the  counting  of  holes  is  liable  to  error. 
Having  a  sector  once  set  to,  say,  every  fifth 
l^ole  in  the  18  hole  circle,  or  tenth  hole 
in  a  36  hole  circle,  further  risk  and  trouble 
are  saved.  The  sector  is  seen  in  figs.  2 
and  3.  It  is  set  to  one  hole  more  than  the 
spaces  to  be  counted,  and  there  clamped.  That 
is,  the  hole  in  which  the  index  pin  enters  is  not 
counted,  but  the  5,  or  10  holes,  or  other  num- 
bers as  may  be  required  are  counted  apart 
from  this  one.  When  Ihe  sector  is  tightened 
with  its  screw,  no  further  counting  is  necessary, 
but  it  is  simply  moved  against  the  index  pointer 
for  each  division.  When  this  has  been  repeated 
the  proper  number  of  times,  and  a  cut  made  at 
every  setting,  the  main  .spindle  in  the  dividing 
head  will  have  made  one  revolution. 

To  facilitate  this  work,  and  save  the  labour 
and  risk  of  calculation,  is  the  reason  why  index 
tables  are  furnished,  which  give  opposite  the 
number  of  divisions  required    the   number  of 


holes  in  the  index  plate  which  may  or  should  be 
selected,  and  the  number  of  turns  of  the  crank 
required  for  the  circle  of  holes  given.  These 
tables  may,  of  course,  be  used  merely  as  a  basis 
to  work  upon,  other  circles  and  numbers  of 
turns  being  easily  deduced  therefrom. 

METHODS   OF    CALCULATION. 

The  dividing  head  used  alone  finds  its  appli- 
cations in  fluting  taps  and  reamers,  in  cutting 
wheel  teeth  and  ratchet  teeth,  etc.  But  for 
spiral  teeth,  and  for  twist  drills  and  spiral 
milling  cutters,  the  spindle  must  be  rotated  by 
the  change  gears.  These  are  exactly  the  same 
as  for  screw-cutting  in  lathes,  but  the  subject  is 
approached  from  a  rather  different  standpoint. 
Thus,  instead  of  taking  the  pitch  of  the  screw 
or  spiral  as  the  basis,  the  distance  through  which 
the  table  travels  during  one  revolution  of  the 
spindle  in  the  dividing  head  is  given,  and  this  is 
termed  the  lead  of  the  spiral.  If  the  spindle 
makes  one  turn  to  6  in.  travel  of  the  table,  the 
lead  is  6  in.  ;  if  one  turn  in  10  in.,  this  is  a  lead 
of  10  in.  The  calculations  involved  are  simple, 
because  the  lead  screw  usually  has  four  threads 
per  inch,  and  forty  revolutions  of  the  worm  are 
required  to  impart  one  revolution  to  the  spindle 
of  the  dividing  head.  If  gears  of  equal  diameter 
were  put  on  the  lead  screw  and  on  the  worm 
shaft,  the  lead  screw  would  therefore  have  to  be 
revolved  forty  times  to  rotate  the  worm  shaft 
forty  times,  and  in  that  period  the  table  would 
travel  40,  divided  by  its  pitch  10  in.  Other 
gears  are  obtained  by  multiplying  the  required 
lead  in  inches  by  4. 

Having  obtained  the  ratio  in  the  form  of  a 
fraction,  the  latter  is  divided  into  two,  as  in 
screw  cutting,  and  the  numerator  and  denomina- 
tor of  these  fractions  are  multiplied  by  a  number 
to  give  numbers  of  teeth  of  wheels  in  the  set 
available.  This  applies  to  compound  gears. 
In  a  simple  train  two  wheels  give  the  ratio,  one 
going  on  the  worm  shaft,  the  other  on  the  lead 
screw,  with  an  intermediate,  which,  of  course, 
may  be  of  any  size,  to  connect  them. 

The  setting  of  the  table  to  the  angle  of  the 
spiral  to  be  cut  is  obtained  either  graphically 
or  by  the  aid  of  tables.  In  the  first  case,  the 
hypotenuse  of  a  triangle  is  taken,  one  side  of 
which  equals  the  lead,  the  other  the  circum- 
ference of  the  spiral.  In  the  second  case,  the 
circumference  is  divided  by  the  lead,  and  the 
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qwotient  compared  with  a  table  of  natural 
tangents,  and  the  table  set  to  the  degrees 
obtained.  Or  a  table  is  consulted  which  gives 
a  wide  range  of  angles  for  different  spirals. 

Fig.  6  illustrates  the  cutting  of  a  spiral  gear 
on  one  of  the  Brown  and  Sharpe  universals.  In 
this  head  the  spindle  is  rotated  in  a  curved 
seating  in  which  it  is  clamped.  The  spindle 
can  be  rotated  independently  by  the  worm  and 
wheel,  since  the  worm  can  be  thrown  out  of 
gear  with  the  wheel  by  an  eccentric  bushing. 
The  spindle  may  then  be  turned  by  hand  and 
locked  by  the  index  plate  and  pin.  In  the  head 
for  the  No.  i  or  smallest  machine,  steel  bushings 
afford  a  bearing  for  the  worm  shaft,  and  a  pivot 
for  the  spindle  box,  and  the  front  end  of  the 
latter  is  set  by  suitable  graduations  to  any  angle 
from  5  deg.  below  the  horizontal  to  the  perpen- 
dicular. In  these  heads  the  worm  wheel  has 
forty  teeth,  and  the  worm  is  a  single- threaded 
one. 

A  special  spiral  head  by  the  Cincinnati  Milling 
Machine  Co.  is  designed  for  cutting  coarse 
spirals,  for  which  it  is  better  adapted  than  the 
regular  head.  The  worm  is  double  threaded, 
and  of  i^in.  pitch,  and  the  wheel  is  8|in.  in 
diameter. 


AA,  carries  the  longitudinal  slide,  BB,  which 
fits  into  it  with  a  dovetail,  being  traversed  by 
the  knob,  CC,  and  clamped  by  the  bolt,  DD. 
The  centre  bar,  EE,  is  double-ended,  one  end 
having  an  ordinary  centre  for  heavy  work,  the 
other  being  reduced  on  the  top  face  to  enable 
cutters  to  clear  when  fluting,  which  frequently 
approaches  very  near  the  centre  of  the  work. 
The  position  of  the  bar  is  readily  reversed.  It 
is  adjustable  vertically  with  rack  and  pinion. 
actuated  by  the  knob,  FF,  and  clamped  by  the 
bolt,  GG.  The  centres  can  also  be  tilted  for- 
wards, swivelling  about  the  centre,  DD,  gradua- 
tions on  the  housing  giving  exact  angles.  The 
Brown  and  Sharpe  footstock  is  made  on  another 
pattern.  Two  taper  pins  are  used  to  adjust 
the  centre  in  line  with  the  headstock  centre. 
To  set  it  at  an  angle,  a  rack  and  pinion  are 
used.  The  centre  is  clamped  firmly  by  three 
nuts. 

A  different  type  of  tailstock,  fig.  7,  is  common 
on  the  Continent.  It  comprises  an  upright  on 
which  a  swivelling  block  that  carries  the  centre 
is  adjustable  vertically,  a  screw  being  frequently 
used  for  convenience  of  moving  the  block.  The 
latter   is  made   to  swivel  for  the  purpose  ot 


PLAIN     INDKXINQ   OKNTRE8. 

These  are  used  on  both  plain  and  universal 
machines.  Division  is  effected  by 
plates  and  index  peg.  Two  plates 
are  fitted  in  the  Cincinnati,  one 
for  getting  all  odd  divisions  up  to 
50,  the  other  all  even  divisions 
up  to  100.  The  spindle  is  hollow, 
with  a  standard  taper  at  the  front 
end.  The  nose  is  threaded  and 
covered  when  the  chuck  is  not  in 
use.  To  relieve  the  index  pin  and 
plate  from  strain,  the  spindle  is  clamped  firmly 
in  position  during  cutting.  To  extend  the 
range  of  service,  raising  blocks  are  fitted  for 
increasing  the  height  of  centres. 

THE    FOOTSTOCK. 

When  work  has  to  be  carried  at  each  end,  as 
in  fluting  taps,  reamers,  drills,  cutters,  etc.,  the 
tailstock  or  footstock  is  used  in  conjunction 
with  the  dividing  head.  This  is  seen  in  figs,  i, 
2, 3,  and  6.  That  of  the  Cincinnati  Company  is 
seen   in   some  detail  in    fig.  3.     The  housing. 


ft 
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FIG.    9.      fOOLMAKERS'     UNIVERSAL    VISE     FOR    BROWN    AND    SHARPE    MILLING    MACHINES. 


supporting  the  outer  end  of  taper  work,  when 
the  taper  is  long,  and  the  angle  large.  It 
provides  the  same  movements  as  the  American 
and  English  patterns,  but  a  screw  is  used 
instead  of  a  rack  for  the  vertical  movement,  and 
the  mechanism  is  entirely  different. 

OTHER    FITTINGS. 

There  are  numerous  other  attachments  made 
to  plain  and  universal  machines  with  the  object 
of  increasing  their  range  of  service.  They 
generally  comprise  a  high  speed  fitting,  and  a 
rack  cutting  attachment  and  vises.  Frequently 
also  a  table  for  rotary  milling,  a 
device,  a  vertical  spindle,  and 
attachment. 

The  high  speed  fitting,  fig.  8,  is  used  for 
light  end  mills  chiefly.  It  comprises  a  spindle 
which  runs  in  a  shell  that  fits  the  taper  hole  in 
the  main  spindle.  It  is  driven  by  a  belt  from 
above,  which  is  operated  by  a  belt  and  pulley 
driven  from  the  headstock  main  cones.  The 
pulleys  have  their  bearings  in  a  bracket,  which 


cam  cutting 
a    universal 


is  clamped  on  the  overhanging  arm  standing 
above  it,  or  some  equivalent  device.  Speeds  of 
over  1,500  revolutions  per  minute  are  thus 
obtainable. 

In  a  rack  cutting  attachment  a  pair  of  bevel 
gears  changes  direction  of  motion  from  the 
spindle  to  the  rack  cutting  spindle  and  arbor 
running  parallel  with  the  table.  The  advantage 
of  changing  the  axis  is  that  there  is  no  limit 
then  to  the  length  of  rack  it  is  possible  to  cut. 
The  racks  are  held  in  a  specially  long  vise.  By 
fitting  a  slitting  cutter,  stock  can  be  sawn  off 
by  the  same  attachment. 

A  circular  milling  attachment  is  often  very 
valuable  for  conveniently  doing  work  that  would 
otherwise  go  to  the  lathe. 

Rectangular  vises  are  made  in  various  designs 
to  bolt  to  the  machine  tables  to  hold  work 
parallel  with  or  at  right  angles  to  the  table,  to 
swivel  to  horizontal  angles  or  to  vertical  angles, 
and  having  graduated  edges.  One  of  these,  by 
Brown  and  Sharpe,  is  shown  in  fig.  9. 
{To  be  continued.) 
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JAMES    SWINBURNE, 

President  of  the  Institution  of  Electrical  Engineers^  Member  of  the  Institutions  of  Civil  and  Mechanical  Engineers. 


ARGUMENT.  Examination  with  f^uarantee  by  State.  Examination  as  to  novelty  without  guarantee.  Popular  idea  as  to 
simplicity  of  examination.  Inventions,  matters  of  degree.  Differences,  small  on  paper,  determine  great  commercial  advantages. 
Daneerof  undtrserved  monopolies  when  the  State  guarantees.  Danger  of  ill-advised  rejection.  Impossibility  of  settling  novelty- 
at  date  of  application  in  certain  cases.  Present  fees  not  paid  as  price  of  monopoly,  but  to  cover  office  expenses,  and  to  go  to  the 
1  reasury  as  tax  on  industry.    German  and  American  practice. 


HERE  are  a  great 
many  incompatible 
theories  as  to  what 
the  Government 
ought  to  do  for 
patentees.  Some 
people  hold  that  it 
is  the  duty  of  the 
Government,  or 
rather  of  the  State, 
by  means  of  its 
patent  office  and  its  officials,  to  examine 
an  applicant's  specification  thoroughly  and 
completely,  and  if  it  covers  a  good  invention, 
to  protect  the  patentee  from  all  infringement; 
all  examination  and  subsequent  legal  proceed- 
ings being  borne,  as  to  expense,  by  the  State, 
that  is  to  say  by  the  public.  Others,  who  do  not 
go  quite  so  far  as  this,  hold  that  the  patent  fees 
paid  by  the  inventor  should  cover  the  cost  of 
examination,  but  the  cost  of  the  proceedings 
against  any  infringer  should  be  borne  by  the 
State.  Another  idea  is  that  the  fees  should  be 
in  excess  of  the  office  expenses,  the  balance  of 
all  the  fees  being  pooled  as  a  fund  to  defray 
expenses  of  prosecuting  infringers.  The  other 
extreme  of  view  is  that  the  patent  office  should 
not  examine  at  all,  but  should  grant  an  apparent 
monopoly  to  anyone  who  asks  for  it,  or  what  is 
much  more  important,  who  pays  the  fee  for  it. 


For  typical  examples  we  may  take  as  one 
extreme  Germany,  where  there  is  a  ver\- 
thorough  examination,  and  the  State  protects 
the  patentee.  England,  where  they  charge  fees 
in  excess  of  the  expenses,  and  make  a  small  but 
useful  examination  on  some  points,  is  almost 
extreme  in  the  other  direction.  The  present 
examination  in  England  is  rather  peculiar;  it  has 
eventually  developed  into  an  examination  as  to 
the  form  of  the  specification,  and  it  is  really  a 
great  benefit  to  inventors.  There  is  a  Bill  to 
alter  the  examination  now  before  the  House  of 
Commons.  This  will  be  mentioned  later.  The 
United  States  stand  between,  as  they  make  a 
thorough  search  as  to  novelty,  but  do  not 
guarantee  the  patent  when  at  last  issued. 

POPULAR     NOTIONS    FALLACIOUS. 

The  whole  matter  is  not  nearly  as  simple  as 
it  sounds;  and  it  is  probably  owing  to  people 
treating  a  complicated  matter  as  simple  that  so 
much  difficulty  and  misunderstanding  has 
arisen,  and  so  much  misguided  legislation  has 
come  about.  It  is  so  easy  to  decide  that  there  shall 
be  a  number  of  clever  technologists  employed  as 
examiners,  and  that  they  shall  look  through 
each  specification  and  say  at  once  the  invention 
is  new,  or  that  it  has  been  anticipated  by  this 
or  that.  In  all  such  cases  people  have  in  their 
minds  a  specification  clearly  describing  some 
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:lear-cut,  definite  invention,  and  claiming  it,  so 
:hat  the  region  claimed  is  perfectly  determined, 
ind  the  specification  can  be  compared  with 
2very  prior  description  of  anything  at  all 
like  it,  in  such  a  way  that  a  competent  ex- 
aminer can  decide  without  doubt  whether  the 
invention  is  new  or  old.  But  anyone  who 
has  had  any  experience  of  real  patents 
knows  that  the  matter  is  not  simple.  Inven- 
tions are  invariably  matters  of  degree.  The 
Heaven-born  genius  who  comes  along  with  a 
brand  new  invention  which  has  nothing  to  do 
with  anything  that  went  before,  and  which  is 
completely  worked  out  and  in  its  final  and  only 
possible  form,  exists  only  in  imagination.  Take 
actual  applications.  There  can  be  no  doubt 
that  nine-tenths  of  the  patents  taken  out  would 
not  hold  water  if  they  came  into  court,  but  the 
rest,  the  other  tenth,  would  invoke  enormous 
research  and  very  great  critical  acumen  to 
determine  whether  they  are  valid  or  not.  But 
even  the  ninety  per  cent,  that  are  certainly 
invalid  would  give  great  trouble  to  examiners. 
Many  of  them  are  invalid  through  being  drawn 
up  by  ignorant  inventors  who  make  technical 
slips  and  all  sorts  of  blunders.  Under  examina- 
tion, and  the  resulting  correspondence,  the 
grosser  errors  would  be  removed,  and  the  more 
difficult  questions  of  novelty  and  subject  matter 
would  come  up. 

KXAMINATION    ON    PUBLIC    GROUNDS. 

In  considering  the  question  of  examination, 
gve  must  deal  with  the  matter  first  from  the 
public  point  of  view.  That  is  to  say,  the  patent 
office  should  be  self-supporting,  but  it  should 
encourage  invention  to  the  greatest  extent 
possible,  without  unduly  hampering  trade  by 
giving  undeserved  monopolies.  We  will  there- 
ore  assume  that  the  patent  office  is  self- 
;upporting,  that  is  to  say  that  all  expenses  are 
>aid  out  of  patent  fees.  We  need  not  assume 
hat  a  surplus  is  handed  over  to  the  Treasury ; 
hat,  as  was  pointed  out  last  month,  is  a  piece 
)f  political  immorality  of  a  particularly  per- 
licious  type,  as  it  is  a  taxing  of  industry. 

THK    PATBNTCrS    8TANDPO.INT. 

Next  we  have  to  look  at  the  question  from 
he  patentee's  point  of  view.  Patentees  may  be 
>roadly  divided  into  two  classes,  though  there  is 
10  sharp  division.     On  the  one  hand,  we  have 


the  experienced  specialist  who  is  improving 
his  own  branch  of  applied  science.  Such  a 
man  is  well  up  in  the  theory  of  his  work,  is. 
practically  familiar  with  all  the  working  details, 
so  that  he  appreciates  the  great  practical 
differences  between  matters  that  look  almost 
alike  on  paper,  and  he  is  also  well  up  in  the 
history  of  his  particular  branch  of  art,  and 
knows  not  only  what  has  been  done  in  the  past, 
but  has  a  close  acquaintance  with  all  that  is 
going  on  at  the  time  he  applies  for  his  patents. 
Opposed  to  this  type  as  the  opposite  extreme, 
we  have  the  ignorant  inventor,  generally  over- 
burdened with  conceit,  who  takes  out  patents  on 
all  sorts  of  things  belonging  to  all  sorts  of  in- 
dustries. He  does  not  know  what  has  gone 
before  or  what  is  already  done,  but  he  believes 
he  has  a  sort  of  superior  insight  by  which  he 
can  teach  other  people  anything.  He  may  be 
a  schoolmaster,  or  a  stockbroker,  or  a  clergy- 
man, or  a  mere  genius.  Another  more  pleasant 
and  perhaps  commoner  type  of  inventor  is  the 
so-called  practical  man,  who  really  does  not 
understand  his  own  work,  and  stumbles  along 
with  tremendous  perseverance  and  often  under 
very  difficult  pecuniary  conditions.  Most  of  his 
patents  are  waste  paper,  but  every  now  and 
again  he  makes  a  real  invention  of  great  value. 

SKILLED  SPECIALISTS  AND  PATKNT  AQBNTS. 

Take  the  skilled  specialist  inventor  first,  and 
see  how  far  examination  will  help  him.  Such 
an  inventor  generally  employs  a  patent  agent, 
and  his  specifications  are  not  likely  to  contain 
legal  flaws,  unless  the  subject  is  exceedingly 
difficult.  It  has  been  said,  and  rightly  said,  that 
most  of  the  big  patent  cases  have  been  about 
the  interpretation  of  specifications  that  have 
been  bungled  by  patent  agents.  That  only 
means  that  the  good  specifications  which  they 
have  not  bungled  have  not  come  into 
court.  The  work  of  the  patent  agents, 
or  at  any  rate  of  those  that  are  high 
in  their  profession,  is  very  well  done,  and 
the  younger  men  who  have  come  into  the  pro- 
fession after  a  pretty  stiff  examination  will 
gradually  raise  the  profession  further.  The 
patent  agent  isj  however,  in  a  difficult  position, 
and  we  may  make  an  apparent  digression  on 
this  point,  as  it  touches  on  official  examination. 
To  go  on  with  our  intelligent  inventor.  He  is 
working  at  a  particular  subject,  he  is  taking  out 
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a  patent  every  few  months ;  he  has  not  unlimited 
funds.  He  does  not  know  which  of  his  patents 
will  eventually  be  valuable.  He  goes  to  a  first- 
class  firm  of  patent  agents.  They  charge  him, 
in  addition  to  the  Government  fees,  perhaps  eight 
guineas  per  patent.  If  he  has  special  work  done 
he,  of  course,  pays  more.  Now,  this  eight  guineas, 
or  whatever  it  may  be,  is  a  fair  charge  for  ordi- 
nary skilled  assistance.  Eventually  the  question 
of  the  validity  of  one  of  the  patents  may  be  a 
matter  of  many  thousands  of  pounds,  and  when 
it  comes  into  court  the  inventor  would  give  any 
money  to  be  able  to  re-draw  his  specification. 
But  he  cannot  have  each  of  his  patents  examined 
carefully  by  highly-skilled,  trained  intellects,  nor 
can  he  afford  to  have  all  his  claims  settled  by 
counsel  and  so  on.  The  result  is  that,  however  able 
the  patent  agents  may  be,  they  cannot  ordinarily 
examine  and  draw  all  their  specifications  with 
the  care  that  a  valuable  invention  deserves, 
because  the  inventors  cannot  generally  afford 
the  money  necessary,  or  even  if  they  can  afford 
it,  do  not  consider  it  a  good  investment  to  spend 
so  much  on  a  large  number  of  patents  of  which 
few,  if  any,  will  eventually  become  valuable. 
The  popular  idea  is  that  an  inventor  invents 
one  definite  thing  and  takes  out  one  patent,  and 
a  new  manufacture  comes  into  being.  But,  in 
fact,  the  inventor  develops  his  ideas  over  many 
years,  and  is  continually  taking  out  patents  all 
the  time.  His  first  is  a  rather  broad  patent. 
Then  he  takes  out  patents  for  details.  Then  he 
finds  his  first  patent  is  not  broad  enough,  and 
takes  out  more  patents  over  the  various  parts  of 
a  larger  area,  and  so  on.  He  cannot  tell  which 
patent  will  eventually  be  valuable,  that  is  to  say, 
which  will  really  stop  a  future  infringer,  who  is 
himself  an  inventor,  and  tries  to  get  as  far  away 
from  the  protected  region  as  he  can.  It  is  thus 
impossible  for  the  patent  agent  to  do  more  than 
to  make  the  inventor's  specification  clear  and 
intelligible  as  well  as  legal  in  form,  and  to  help 
him  by  friendly  criticism  and  by  advice  as  to 
the  best  way  to  draw  the  specification  claims. 

■XAMINATION    WITH    QOVKRNMBNT 
QUARANTKE. 

If  the  patent  office  undertakes  examination 
and  guarantees  the  patent,  it  must  do  a  good 
deal  of  the  patent  agent's  work,  but  not  in  a 
way  that  helps  the  inventor.  For  the  exami- 
ners could  say  what  is  wrong,  but  it  would  not 


be  their  business  to  advise  the  patentee  and  tell 
him  how  to  put    his  specification  right.     But 
the   broad  difficulty  is  that  it  would   involve 
waste  of  time  and  money ;  for  each  of  a  number 
of  patents,  of  which  most  will  never  be  of  any 
value,  will  have  to  be  examined  in  great  detail. 
If  it  does  not  pay  each  patentee  to  examine  his 
specifications  in  this  careful  way,  it  can  hardly 
be  policy  for  the  State  to  do  so.     If  the  State  is 
to  guarantee  the  patents,  every  patent  must  be 
examined  and  criticised  with  as  great  care  as.  it 
now  is  when  a  patent  action  is  fought.    Assuming 
that  examination  by  patent  action  is  ruinously 
expensive,  it  still  must  be  very  expensive  to 
examine    properly    by     means     of    organised 
trained  examiners,  and  it  is  waste  of  money  to 
devote  this  expense  to  all  patents.     But  does 
the  skilled  inventor  want  examination  ?    As  far 
as  novelty  and  the  real  nature  of  his  invention 
goes,  he  must  know  far  more  than  the  examiner: 
Take,   as  an  example,  any  new    industry    or 
development ;  imagine  the  inventor  is  an  expert 
in  wireless  telegraphy,  and  has  been  devoting 
his    whole    time    for    some    years  to  working 
out      his      inventions,      studying      the      very 
difficult  theory  of  his  subject,  and  watching  the 
development  of  his  specialty  at  the  hands  of 
rival  inventors  from  week  to  week.     He  must 
know  much  more  about  his  patents  than  the 
patent  office  examiner.     I  do  not  know  who  is 
the  exgiminer  in  wireless  telegraphy,  but  if  he  is 
as  competent  as  the  other  examiners  are,  his 
subject  is  in  good  hands.     But  it  is  nothing 
against  him  to  say  that  he  cannot  be  expected 
to  know  as  much   about  his  subject    as    our 
inventor.     It  would  not  be  surprising  if  there 
is  no  special  examiner  in  wireless  telegraphy 
that  is  to  say,  no  examiner  who  devotes  his  atten- 
tion, like  our  inventor,  exclusively  to  that  one 
subject.    The  question,  in  the  case  of  Govern- 
ment guarantee,  would  be  whether  the  inventor 
is  to  have  his  patent  accepted  or  rejected  finally 
by  the  examiner.    The  examiner  would  have  an 
enormmis  responsibility  on  his  shoulders.     He 
must  deal  with  a  number  of  patents  every  day, 
and   he  must  remember  that  every   time    he 
accepts  one  he  is  i;endering  the  State  liable  to 
have  to  support  his  grant  of  monopoly,  and  he 
may  be  crippling  new  industries  by  granting 
monopolies  to  people  who  have  not  really  done 
anything  to  deserve  them.     His  interest,  there- 
fore, must  be  to  reject  whenever  he  possibly 
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can,  on  the  one  hand.    On  the  other,  this  cuts 
down  the  flow  of  fees  to  the  department. 

WHAT   18    NOVELTY? 

Reverting   again  to  the  popular  notion — the 

idea  as  to  novelty  is  that  there  is  or  is  not  a 

clear  prior  publication  of  the  exact  thing,  and 

that  the  examiner  has  merely  to  look  up  earlier 

documents  and  see  if  the  invention  has  been 

described  before.    This,  again,  has  nothing  like 

it  in    fact.     There  is  almost  never  an  exact 

publication  of  the  most  obvious  invention ;  there 

is  only  something  more  or  less  like  it,  or  several 

things  resembling  it  in  various  different  ways. 

The  question  is,  then,  whether  the  inventor  has 

or  has  not  made  an  inventive  advance.    This  is 

a  matter   of  judgment,  and  generally  a  very 

difficult  matter  of  judgment.    When  a  case  is 

fought  in  court,  generally  many  years  after  the 

date  of    the  patent,  when    the   advances  are 

really  made,  and  are  not  .mere  speculation,  it 

demands  a  number  of  the  ablest  counsel,  and 

the  most  experienced  technolbgists  as  witnesses, 

and  any  time  up    to  three  or  four  weeks  is 

occupied  in  the  discussion.    Admitting  for  the 

moment  that  the  proceedings  in  the  courts  are 

cumbrous  and  expensive,  they  still  show  that 

the  investigation   of  the   novelty— for  that  is 

generally  the  main  point  at  issue — is  a  very 

difficult  matter  indeed.     Much  more  difficult  is 

it,  then,  when  the  invention  is  quite  new. 

As  one  example  of  the  difficulty  of  settling 
novelty  we  may  take  a  patent  for  something 
which  appears  so  obvious  that  it  must  be  old 
If  the  article  was  not  in  use  at  the  date  of  the 
patent,  and  has  come  into  general  use  after- 
wards, the  courts  hold  that  that  is  proof  of 
novelty,  as  the  article  was  evidently  wanted, 
and  if  it  did  not  come  into  use  before  the  patent, 
it  must  have  been  new.  This  test  of  novelty  is 
obviously  inapplicable  at  the  date  of  application 
and  in  any  case  the  examiners  would  not  be  in 
touch  with  industry.  Such  an  application  as 
this  would  be  rejected,  doing  a  great  injustice  to 
the  inventor. 

KPFKOT  OF  UNPAIR  MONOPOLIKS. 

No  doubt  many  people  will  say  that  when 
there  is  any  doubt  the  patentee  should  get  the 
benefit.  This  is  unsound,  however,  as  a  matter 
of  public  policy.  It  is  obviously  wrong  to  give 
a  monopoly,  or  power  of  stifling  an  industry,  to 


a  man  who  has  invented,  nothing.  Even  if  we 
look  at  it  only  from  the  point  of  view  of  the 
inventors,  it  is  wrong.  Each  patentee  stands  in 
the  way  of  all  subsequent  inventors.  If  an  early 
patentee,  who  files  an  unpractical  specification^ 
for  example,  is  given  a  guaranteed  monopoly,  it 
practically  stops  all  future  invention.  One  of 
the  most  difficult  questions,  apart  from  novelty, 
is  whether  a  specification  describes  a  workable 
thing  in  language  clear  enough  to  be  understood 
by  specialists  in  the  industry.  Even  after  many 
years  it  is  often  difficult  to  decide  whether  a 
specification  is  practical.  How  an  examiner, 
dealing  with  a  completely  new  subject,  is  to  say 
whether  the  proposed  invention  is  practical  or 
not,  it  is  impossible  to  conceive. 

SKILLED    INVKNTOR   AND   EXAMINATION. 

Now  consider  again  the  skilled  inventor. 
Ought  his  fate  to  be  entirely  in  the  hands  of  an 
examiner  to  whom  his  specification  is  only  one 
of  many  coming  before  him  daily,  or  should  he 
be  allowed  to  use  his  own  judgment  and  know- 
ledge? The  inventor  will  naturally  say,  "I 
understand  my  invention  much  better  than  the 
examiner  can,  however  able  he  may  be, 
because  I  am  a  specialist  in  this  subject.  My 
invention  is  merely  a  small  incident  to  him  ;  to 
me  it  is  a  matter  on  which  a  fortune  probably 
depends.  He  has  brought  forward  an  early 
specification  which  vaguely  describes  something 
like  my  invention,  but  further  understanding  of 
the  subject,  especially  the  practical  working  of 
my  invention,  would  show  he  is  wrong.  I 
would  therefore  prefer  no  (Government  guarantee 
of  my  patent  against  the  public,  or  of  the  earlier 
patents  against  me.  I  would  rather  trust  to  the 
full  but  expensive  investigation  in  the  law 
courts,  if  there  is  any  question  of  the  validity  of 
my  patents  later  on." 

PKBS   AND  WASTB    PAPBR. 

But  the  skilled  inventor  only  represents  some 
small  fraction  of  the  applicants  for  patents.  The 
result  is  that  the  patent  office  at  present  takes 
fees  for,  and  accepts  many  thousands  of 
specifications  which  are  waste  paper.  But  does 
this  matter  very  much  ?  We  often  read  letters 
from  people*  who  complain  that  the  patent 
office  has  no  business  to  accept  fees  for 
patents  which  the  officers  know  or  ought  to 
know    are    worthless.    But    this    is    a    wilful 
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misunderstanding  of  the  relation  of  patent  fees  to 
patents.  The  fee  is  not  the  price  paid  for  a 
monopoly.  The  fee  is  nominally  to  cover  office 
expenses.  •  It  is  really  also  a  tax  on  industry. 
But  it  must  be  admitted  that  if  this  tax  were 
removed  we  would  have  still  more  useless 
patents.  The  price  the  inventor  pays  for  his 
monopoly  is  the  work  he  has  devoted  to  his 
invention,  not  the  fee  he  pays  for  the  formalities 
of  the  office.  To  say  that  the  State  should 
guarantee  patents  because  they  charge  £i\  fees 
is  analogous  to  saying  the  StatQ  should  guarantee 
that  an  agreement  is  not  broken  if  money  has 
been  ^aid  for  a  stamp,  or  that  a  limited  company 
is  to  be  financially  sound  because  the  Somerset 
House  fees  have  been  paid.  To  pass  thousands 
of  patents,  most  of  which  will  be  useless,  may 
do  comparatively  little  harm.  But  to  go  to  the 
expense  of  examining  all  of  them  seriously,  and 
discussing  patents  for  inventions  which  Will  be 
immediately  superseded  by  better  inventions, 
with  the  care  that  ought  only  to  be  spent  on 
really  important  matters,  means  very  serious 
waste  of  public  money.  The  patent  office  ought 
not  to  be  an  organisation  for  the  assistance,  by 
advice,  of  incompetent  inventors.  Many  in- 
ventions now  are  really  due  to  the  patent 
agents,  who  lick  their  clients*  work  into 
shape  and  cut  out  useless  things  and 
straighten  out  the  inventors'  ideas  in  a 
logical  way.  It  can  never  be  the  duty  of  a 
Government  department  to  do  this  for  muddle- 
headed  inventors,  and  in  practice  patentees  are 
often  muddle-headed.  In  short,  to  recapitulate, 
examination  combined  with  Government 
guarantee  of  the  patent  means  that  there  will 
be  a  tendency  to  disallow  good  patents  ;  that 
industry  will  be  hampered  by  the  allowance  of 
bad  patents  ;  and  thorough  examination  will  be 
impossible,  and  what  examination  is  possible 
will  be  much  more  expensive  than  will  pay. 

QKRMAN    AND    AMERICAN    MKTHODS. 

It  may  be  urged  against  these  conclusions 
that  Germany  does  examine,  and  Germany  does 
guarantee  patents.  But  no  one  who  has  had  to 
do  with  the  German  Patent  Office  would  say 
the  system  is  satisfactory.  Both  in  Germany  and 
in  America  it  takes  a  great  deal  of  energy  and 
considerable  perseverance  and  an  appreciable 
pecuniary  depletion  to  get  a  patent  through.  It 
is  not  the  fault  of  the  examiners,  they  have  an 


exceedingly  difficult  task.  The  great  difficulty 
is  to  explain  differences  that  are  vital  in 
practice,  but  do  not  look  important  on 
paper.  A  patent  for  using  tinned  iron  wires 
for  sealing  into  incandescent  lamp  bulbs, 
for  instance,  was  rejected  because  a  para- 
graph in  a  paper  said  that  a  fusible  alloy  of 
tin  and  some  other  metal  adheres  to  glass.  The 
alloy,  of  course,  could  not  be  sealed  into  a  bulb, 
as  it  is  fusible  ;  but  clearly  the  examiner  did  not 
understand  anything  about  incandescent  lamp 
problems.  An  appeal  might  have  been  lodged, 
but  then  the  matter  would  have  been  referred 
not  to  experienced  technologists  but  to  some 
university  professors  who  would  have  po  know- 
ledge of  the  subject  at  all.  This  would  have 
cost  more,  too.  Finally,  somebody  else  invented 
a  better  wire,  so  there  was  no  real  loss  except 
the  labour  of  trying  to  get  the  patent  through, 
and  the  cost  of  examination  to  reject  it.  If  I 
remember  right,  Germany  does  not  trust  the 
examination  entirely.  A  patent  may  be  questioned 
as  to  validity  during  the  first  five  years  of  its 
life  by  outsiders.'  This  is  obviously  wrong. 
Either  the  examination  is  thorough  or  it*  is  not. 
In  practice,  of  course,  it  is  not.  But  why  should 
a  bad  patent  become  good  because  no  one  has 
been  interested  in  opposing  it  for  five  years  ?  An 
industry  may  develop  slowly,  and  perhaps  in 
another  country.  When  it  is  developed  the 
inventor  wants  to  work  it  in  Germany,  but  finds 
that  though  his  invention  was  not  mentioned 
before,  a  broad  patent,  describing  nothing  prac- 
tical and  nothing  new  at  all,  has  existed  for 
more  than  five  years,  and  covers  his  manufac- 
ture withdlit  disclosing  it. 

should  thk  patent  oppioe  examine  without 
quaranteet: 

The  next  question  is  whether  the  patent 
office  should  examine  without  guaranteeing  the 
patent.  Such  an  examination  must  be  in  a  way 
irresponsible.  The  question  is  whether  it  is  a 
benefit  worth  the  expense.  This  system  is 
carried  to  a  high  state  of  perfection  in  America. 
The  examination  in  America  is  as  searching  as 
in  Germany,  but  it  is  not  so  difficult,  as  the 
American  examiners  seem  to  be — if  one  may  say 
so  without  disrespect  to  the  Germans— more 
practical.  In  both  countries  they  begin  by 
quoting  everything  that  by  any  kind  of  twisting 
up  can  be  construed  to  relate  to  your  invention. 
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This  is  generally  supposed  to  be  a  way  of  find- 
ing out  if  you  are  really  serious  in  wanting  a 
patent.  When  you  have  fully  explained  the 
difference  between  things  with  no  point  of 
resemblance,  a  matter  which  is  not  always  very 
easy,  they  send  you  things  which  are  verbally 
like  yours,  but  essentially  different;  at  intervals 
they  say  your  specification  contains  seventeen 
different  inventions,  needing  seventeen  separate 
applications,  and  that  you  are  claiming  things  that 
are  unclaimable  and  so  on,  and  then  the  real  work 
begins.  When  you  eventually  get  as  many  of  the 
seventeen  patents  as  you  think  it  expedient  to 
invest  in,  you  are  probably  very  much  better  off 
than  you  would  have  been  with  a  grant  on  your 
original  specification,  but  the  process  is  expen- 
sive to  patentees  and  to  the  public. 

THK    STATS    AS    PATENT    AQENT. 

The  broad  question  is  whether  the  State 
should  do  the  work  of  patent  agents,  whether 
the  patentee  likes  it  or  not.  When  the  ex- 
aminer has  power  not  only  to  advise,  but  to 
reject,  very  serious  injustice  may  be  done. 
There  is  a  standard  case  of  an  early  inventor 
being  refused  a  patent  for  the  ordinary  trans- 
former of  to-day,  because  the  examiner  could 
not  understand  it  at  that  time  ;  but,  of  course, 
we  only  have  one  account  of  the  matter,  as  the 
examiner  cannot  well  give  his.  But  the  prob- 
ability of  such  cases  is  great,  without  any  fault 
on  the  par^t  of  the  examiners.  If  the  examiner 
has  no  power  to  reject,  the  examination  is  a 
great  benefit  to  inventors.  It  is  only  a  question 
of  public  policy  whether  the  State  ought  to  help 
inventors  in  this  particular  way. 

THE    NEW    BILL. 

The  new  Bill  provides  for  examination  as 
to  novelty  as  far  as  past  British  specifications 
are  concerned.  On  the  one  hand,  this  will  be 
a  great  help  io  inventors.  But  this  sort  of  search 
is  very  easy  already,  as  the  patent  office  pub- 
lishes illustrated  abridgments,  which  make 
this  matter  very  easy.  It  would  be  a  very  good 
thing  for  an  inventor  who  is  ignorant  of  the 
history  of  his  subject,  to  go  through  these 
abridgments  himself.  He  would  then  know 
very  much  better  how  to  draw  up  his  specifi- 
cation. On  the  other  hand,  if  the  patent  fees 
remain  the  same,  it  will  be  a  benefit  to  industry 


to  have  the  money  spent  on  behalf  of  patentees, 
rather  than  absorbed  by  the  Treasury.  The 
great  objection  to  the  system  is  that  people  will 
think  a  patent  is  valid  because  it  is  allowed. 
The  search  is  only  as  regards  novelty,  and  even 
then  it  is  incomplete.  A  prior  publication  is  just 
as  fatal  in  a  foreign  specification,  or  in  the  general 
literature  of  any  country,  provided  a  copy  came 
to  this  country.  The  examination  as  to  novelty 
will  therefore  be  useless  as  a  guarantee  of 
novelty,  though  it  may  save  many  patentees 
who  would  otherwise  re-patent  old  things.  In 
addition  to  this  want  of  novelty  a  patent  may 
be  bad  on  several  other  grounds.  The  specifi-  ' 
cation  may  not  describe  a  practical  invention,  or 
it  may  claim  something  which  is  not  of  a  class 
that  can  be  patented,  that  is  to  say  which  is 
not  a  patentable  invention. 

A  SERIOUS  DIPPIOULTY. 

One  of  the  most  serious  difficulties  as  to 
novelty  has  not  been  dealt  with  at  all,  but  it  is 
a  little  difficult  to  explain.  The  question  of 
whether  a  patent  is  valid  or  not  is  of  no  impor- 
tance in  itself ;  it  is  only  important  when  the*  e 
is  a  question  of  infringement.  Now,  almost 
every  claim  is  capable  of  a  broad  or  a  narrow 
interpretation.  If  the  patent  is  examined  with- 
out any  reference  to  a  given  alleged  infringement, 
the  patent  may  easily  be  passed  as  being  for  a 
novel  invention  on  a  narrow  interpretation. 
Later  on  a  rival  makes  something  which  is  outside 
the  narrow  interpretation  of  the  claims,  but 
really  takes  what  the  inventor  considers  is  his. 
He  then  says  his  patent  covers  his  rival,  as  he  is 
infringing  his  claims  on  their  fair  interpretation. 
According  to  present  practice  the  patent  is 
dealt  with  by  the  courts  with  the  early  history 
of  the  act  on  one  side,  and  the  alleged  infringe- 
ment on  the  other.  If  the  claim  is  interpreted 
broadly  enough  to  cover  something  that 
went  before,  the  patent  is  void ;  if  it  is 
narrow  enough  not  to  cover  what  went  before, 
there  may  be  no  infringement,  in  which 
case  the  patent  may  be  useless  though  valid. 
It  is  thus  really  impossible  to  settle  the  question 
of  novelty  without  having  the  alleged  infringe- 
ments before  the  umpires  at  the  same  time. 
The  patent  office  examiners  are  therefore 
necessarily  unable  really  to  decide  as  to 
novelty,  whether  the  Government  guarantees 
the  patents  or  not. 
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CONCLUSIONS. 

To  sum  up,  then,  examination  to  determine 
novelty  by  the  patent  office,  with  power  of 
rejection,  is  unsatisfactory  in  the  case  of  skilled 
inventors,  because  they  may  have  injustice 
done  them  owing  to  the  examiners  not 
being  sufficiently  skilled.  Of  course,  the 
law  courts  may  also  be  unintentionally 
unjust,  but  with  the  fuller  investigation  there 
undertaken,  this  is  not  so  likely.  If  the 
examiners  have  power  of  rejection,  no  end  of 
irreparable  injustice  may  be  done  to  all  kinds 
of  inventors  by  ill-advised  rejection  of  really 
good  applications.  If  the  examination  is 
thorough  it  is  great  waste  of  money,  as 
thousands  of  patents  have  to  be  examined 
which    are    of    no    importance,    because    the 


inventions,  even  if  apparently  good,  never 
come  into  use,  or  are  superseded  by  others 
before  there  is  any  question  of  infringement. 
Finally,  no  examination  can  be  conclusive  when 
an  invention  is  new.  The  inventor  must  be 
ahead  of  the  examiner,  or  he  would  not  be  an 
inventor,  and,  apart  from  that,  the  examiner 
cannot  form  any  true  view  of  the  invention, 
because  a  little  time  is  necessary  to  give  the 
distance  necessary  for  true  perspective. 

Examination  without  guarantee  of  validity 
and  without  power  of  rejection,  such  as  pro- 
posed in  the  new  Bill,  is  an  unnecessary  expense 
to  the  patent  office;  but  if  it  is  carried  out  by 
reducing  the  surplus  now  paid  to  the  Treasury, 
instead  of  by  raising  fees,  it  certainly  would  be 
a  great  benefit  to  inventors. 
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An  ac;x>unt  of  the  new  Anchor  liner  Columbia,  which  has  now  successftllly  completed  her  maiden  voyages 
across  the  Atlantic,  and  is  one  of  the  lar)*est  merchant  vessels  built  on  the  Clyde. 


A     STEAMER  which   is   not  only  a   disiin- 
-^^     guished  example  of  marine  architecture  in 
itself,  but  which  also  marks  the  occurrence  of 
the   jubilee    of    one    of    the    world's    historic 
**  Lines,"   deserves  more  than  passing  notice. 
Such  is  the  new  twin-screw  Columbia,  of  the 
Anchor  Line,  one  of  the  latest  products  of  the 
large  shipbuilding  and  engineering  establish- 
ment of  D.  and  W.  Henderson  and  Co.,  Limited, 
Meadowside,  Glasgow.     This  yard  is  one  of  the 
oldest  on  the  Clyde,  being  that  in  which  early 
in  the  last  century  Messrs.  Tod  and  Macgregor 
built  many  famous  pioneers  of  the  ocean  trade. 
Though  the  site  is  the  same,  the  equipment  of 
the  present  establishment  is  very  different  from 
that  of  the  old  firm,  who  are  regarded  as  the 
**  fathers  of  iron  shipbuilding,"  because  they 
built  the  first  iron  sea-going  vessel— the  Royal 
Sovereign  somQ  sixty- three  years  ago.     Here 
al  o  was  built  the  first  iron  paddle  steamer  run 
by  the  I^.  and  O.  Company,  the  Trafalgar,  with 
oscillating  jet  condensing  engines  of  370  i.h.p. — 
a  figure  that  compares  strangely  enough  with 
the  10,000  i.h.p.  of  the  latest  P.  and  O.  liners. 

At  Meadowside,  too,-  Messrs.  Tod  and 
Macgregor,  in  1850,  built  the  City  of 
Glasgow,  famous  as  the  pioneer  iron  screw 
steamer  in  the  Atlantic  trade.  She  was  built 
for  Glasgow  owners,  but  was  afterwards  bought 
by  William  Inman  and  Co.,  Liverpool,  and 
became  the  first  vessel  of  the  historic  Inman 
Line.  It  is  interesting  to  recall  that  she  was 
220  ft.  in  length,  32  ft.  in  breadth  moulded, 
and  21  ft.  in  depth  moulded.  She  was  of 
1,600  tons,  and  had  overhead  beam  engines, 
jet  condensing,  of  310  h.p.,  with  two  cylinders 
66  in.  diameter  and  60  in.  stroke.  About 
the  same  time  the  Anchor  Line  was  founded 
by  Messrs.   Handyside   and   Henderson    (now 


Henderson  Brothers),  Glasgow,  who  opened 
a  direct  trade  between  the  Clyde  and  the 
Mediterranean  with  the  little  sailing  vessel 
Vasco  da  Gama,  of  something  under  200  tons. 
The  Anchor  flag  now  floats  over  a  large  fleet 
of  up-to-date  boats  trading  regularly  between 
Glasgow  and  New  York,  the  Mediterranean  and 
the  Clyde,  the  Mediterranean  and  North  and 
South  America,  India  and  the  Clyde,  and 
between  India  and  New  York. 

From  the  City  0/ Glasgow  ot  1850  and  the  first 
iron  Anchor  Line  steamer  of  1852  to  the  new 
member  of  the  fleet  is  a  tremendous  stride. 

THE   ••COLUMBIA'S'*    ENQINKS. 

The  Columbia  is  500  ft.  long,  56  ft.  broad,  and 
36  ft.  6  in.  deep.  She  has  acconmaodation  for 
325  first-class  passengers,  220  second-class,  and 
600  third-class  or  steerage.  She  carries  a  cargo 
^^  5»350  tons  on  a  draft  of  25  ft.,  this  being 
limited  to  enable  her  to  navigate  the  River  Clyde 
right  up  to  Glasgow.  She  is  driven  by  two  sets 
of  triple-expansion  engines,  of  which  we  show  a 
drawing.  Each  set  has  three  cylinders,  which 
^re  31^,  si^.and  85  in.  in  diameter,  respectively, 
with  a  piston  stroke  of  54  in. 

The  cylinders  of  each  engine  are  rigidly  bolted 
together,  and  stand  on  six  massive  cast  iron 
columns.  The  front  or  inner  columns  are  of 
rectangular  section,  and  are  divided  at  the 
bottom  for  the  double  purpose  of  giving  fore 
and  aft  rigidity  to  the  engines.  By  permitting 
the  cranks  to  pass  between  the  column  feet, 
ample  room  is  provided  on  the  starting 
platform  between  the  two  engines.  The 
back  columns  are  of  cylindrical  section,  with 
sufficient  taper  in  their  length  to  provide  ample 
area  at  their  bases.  The  sole  plates  are  made 
in  three  pieces  bolted  together.    They  are  of 
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hollow  rectangular  section,  and  have  strong 
flanges  at  the  bottom  for  fixing  the  engines  to 
the  top  of  the  ballast  tank.  The  crank  shafts 
are  made  in  three  interchangeable  parts,  and 
are  of  the  built  type.  Each  part  is  carried  on 
two  bearings  of  extra  length,  and  is  lined  with 
white  metal ;  and,  indeed,  the  bearings  through- 
out the  entire  engines  are  made  with  extra  large 
surfaces.  The  crosshead  guide-plates  on  the 
columns  are  of  hollow  section,  through  which 
cold  water  circulation  is  provided. 

AIR    PUMPS. 

The  air  pumps  are  on  Edward's  patent 
system,  and  are  fixed  to  the  back  columns  of 
the  intermediate  engines,  from  the  crossheads 
of  which  they  are  driven  by  means  of  the  usual 
levers.  Attached  to  the  air  pump,  one  at  either 
side,  and  driven  by  the  same  crosshead,  are  two 
bilge  pumps. 

CONDENSERS. 

The  condensers  are  carried  on  the  lower 
deck  beams  close  to  the  side  of  the  ship,  and 
quite  separate  from  the  main  engine  structure. 
The  cold  water  circulation  through  them  is 
supplied  by  two  large  centrifugal  pumps  driven 


by  vertical  steam  engines,  and  placed  on  the 
level  of  the  starting  platform  between  the  low- 
pressure  engines  and  the  ship's  side,  the 
diameter  of  the  delivery  pipe  being  i6  in. 

PEED-WATER     HEATERS. 

There  are  no  feed-pumps  driven  direct  by 
the  main  engines,  the  whole  of  the  water  neces- 
sary for  feeding  the  boilers  being  supplied  by 
two  pairs  of  Weir's  feed-pumps  of  large  capa- 
city, either  pair  being  sufficient  to  provide  the 
entire  feed-water  required.  To  each  set  of 
pumps  there  is  a  pipe  leading  from  the  hot-well 
to  a  float-tank  with  automatic  control  valve  ; 
one  pump  taking  the  water  from  this  float-tank 
passes  it  through  an  Alley  and  MacLellan's 
"Sentinel"  feed-filter,  and  then  into  one  of 
Weir's  patent  direct  contact  feed-heaters,  from 
which  the.  other  pump  draws  the  heated  water 
and  delivers  it  through  the  main  line  of  feed- 
pipes to  the  boilers. 

REVERSING    GEAR. 

For  the  rapid  manipulation  of  the  main 
engines  in  narrow  waters  a  direct-acting,  steam- 
reversing  engine  is  provided,  the   cyHnder  of 
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which  is  attached  to  the  back  of  the  main 
cylinders  immediately  above  the  Wyper  shaft, 
to  which  it  is  directly  connected,  and  controlled 
by  levers  from  the  starting  platform.  The  gear 
for  regulating  the  main  stop  valves  is  placed 
close  to  the  reversing  levers.  To  permit  of  the 
accurate  adjustment  of  the  main  stop  valves,  a 
screw  gear  worked  by  a  hand-wheel  is  pro- 
vided ;  but,  in  case  of  emergency,  the  steam 
can  be  instantly  shut  off  the  engine  by  simply 
pulling  a  lever. 

THRUST    BLOCKS. 

At  the  after-end  of  the  engine  room  is  the 
thrust  recess,  which  extends  from  side  to  side 
of  the  vessel.  In  it  the  thrust  blocks  are  secured 
to  steel  seats  built  upon  the  ballast  tank  top. 
The  thrust  of  each  propeller  is  taken  up  by 
collars  on  the  thrust  shaft,  bearing  upon  ten 
horse-shoe  rings  with  large  white  metal  bearing 
surface. 

TUNNKL    SHAPTINQ,    ETC 

The  tunnel  shafting  is  made  up  in  five  con- 
venient lengths,  each  carried  on  a  pillow  block 
with  white  metal  lining.    The  propeller  shafts, 


which  are  carried  inside  the  skin  of  the  ship 
right  up  to  the  stern  frame,  have,  on  this 
account,  to  be  of  extra  length,  and,  to  avoid 
corrosion  where  they  are  exposed  to  the  salt 
water  in  the  stern  tubes,  they  are  covered  by 
gun-metal  liners,  extending  from  the  fore  end' 
of  the  stern  tube  to  the  propeller  bosses.  The 
propeller  bosses  are  of  cast  iron,  and  to  each 
are  secured,  by  studs  and  nuts,  four  bronze 
blades.  The  propellers  are  17  ft.  9  in.  'in 
diameter. 

In  the  thrust  recess,  between  the  two  thrust 
blocks  and  immediately  below  the  cold-storage 
chamber,  is  fitted  a  HalFs  patent  refrigerator  of 
large  capacity  on  the  CO^  principle. 

ELEOTRIOAL    MACHINERY^ 

Here  also  is  placed  the  electrical  machinery, 
of  which  there  are  two  complete  sets  on  opposite 
sides  of  the  ship,  either  set  being  capable  of 
lighting  the  whole  ship,  as  well  as  of  driving  a 
large  number  of  powerful  electric  fans,  which 
are  provided  for  ventilating  purposes. 

The  dynamos  are  driven  direct  by  vertical 
compound  steam  engines,  the  steam  and  exhaust 
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pipes  of  which  are  independent  of  all  other 
machinery. 

PUMPS. 

The  pumping  arrangements  are  on  a  very 
complete  scale,  and  comprise  two  extra  large 
duplex  ballast  pumps,  one  on  either  side  of  the 
engine-room.  The  ballast  and  bilge  pipe  con- 
nections being  in  duplicate,  there  is  a  complete 
system  on  either  side  of  the  vessel  with  con- 
necting pipes  at  the  after  end  of  the  engine- 
room.  The  two  pumps  may  either  work  inde- 
pendently, or  both  maybe  connected  to  draw 
any  one  compartment  of  the  vessel.  By 
this  arrangement  it  will  be  seen  that  in  the 
event  of  a  considerable  leak  occurring  in  any 
part  of  the  ship  there  is  ample  provision  for 
dealing  with  it. 

In  addition  to  these  pumps  there  are  two 
separate  duplex  pumps  for  pumping  fresh  water 
up  to  the  service  tank  on  the  top  of  the  engine 
casing  for  supplying  the  bvatories,  galleys, 
pantries,  etc.  There  is  also  a  duplex  pump  for 
the  supply  of  salt  water  to  the  sanitary  tank, 
and  another  for  fire  purposes,  in  accordance 
with  the  requirements  of  the  American  authori- 
ties. All  these  pumps  are  by  Messrs.  Lamont, 
of  Paisley. 

BOILBR8. 

Steam  is  supplied  by  six  large  double-ended 
boilers  and  one  single^nded  boiler.  These 
boilers  are  on  the  natural  draft  system,  and  are 
-arranged  in  pairs,  with  a  funnel  to  each  pair, 
the  forward  funnel  also  acting  for  the  single- 
ended  boiler.  The  funnels  are  107  ft.  high, 
and  have  an  outer  casing  throughout  their  entire 
length.  There  are  in  all  thirty  furnaces,  giving 
a  large  heating  and  fire-grate  area.  The  main 
steam  pipes  are  led  in  duplicate,  each  engine 
having  a  separate  pipe  the  whole  length  of  the 
JDoiler  space.  A  valve  is  fitted  on  the  forward 
side  of  the  forward  engine-room  bulkhead  con- 
necting these  pipes  for  the  purpose  of  equalis- 
ing the  steam  pressure  of  the  engines. 

The  placing  of  the  boilers  in  pairs  permits  of 
the  use  of  side  bunkers  throughout  the  entire 
boiler  space.  These  bunkers  are  of  sufficient 
capacity  to  steam  the  vessel  across  the  Atlantic, 
and  by  this  arrangement,  the  coal  running 
naturally  to  the  place  at  which  it  is  required, 
the  necessity  of  coal  trimming  is  greatly 
reduced. 

The  boilers  are  of  Siemens- Martin  steel,  and 


are  fitted  with  thirty-nine  Morrison's  patent 
withdrawable  furnaces.  The  total  heating 
surface  equals  30,000  square  feet. 

DECK     MAOHINKRV,    KTC. 

For  dealing  with  the  large  cargo  the  vessel  is 
designed  to  carry,  ten  powerful  steam  winches 
of  the  builders'  own  special  make  are  placed  on 
deck.  These  have  cylinders  of  7-in.  diameter 
and  i2-in.  stroke,  and  are  provided  with  winding 
barrels  of  extra  large  diameter. 

'  In  addition  to  the  large  fresh-water  tanks,  a 
large  distilling  plant  for  condensing  salt-water  is 
provided,  and  a  separate  tubular  boiler  is  fitted 
in  the  boiler  casing  abaft  the  centre  funnel  for 
supplying  the  n  3cessary  steam. 

The  steam  steering-gear  is  fitted  in  a 
special  house  on  the  poop,  and  is  worked  from 
the  bridge  by  a  controlling  shaft.  It  is  of 
Caldwell  and  Co.'s  make,  and  is  of  great  power. 
The  hand  steering-gear  is  arranged  in  the  same 
house,  and  a  Cumming's  patent  oil  cylinder 
rudder  brake  is  also  fitted. 

8ATI8PAOTOIIV    TRIALS. 

When  on  her  trials  on  the  Clyde  the  Columbia 
attained  a  speed  of  18}  knots  loaded,  which  is 
considerably  in  excess  of  what  she  was  required 
to  do,  and  everything  haS  worked  with  the  most 
satisfactory  smoothness  on  her  subsequent 
maiden  voyages  both  ways  across  the  Atlantic. 

The  advantages  gained  by  the  progress  that 
has  been  made  in  naval  architecture  since  the 
City  of  Rome  W2LS  built  in  1881  are  obvious  on 
looking  at  the  capacity  of  the  two  vessels  as 
compared  with  the  measurements,  especially 
when  it  is  remembered  that  the  Columbia  is 
an  eight-day  boat,  leaving  Glasgow  on  the 
Saturday  afternoon  and  arriving  at  New  York 
on  the  Monday  morning. 

COMPARISONS. 

The  Columbia  is  an  exceptionally  fine-looking 
vessel.  She  has  a  straight  stem  and  elliptical 
stern,  two  schooner-rigged  pole  masts,  and 
three  tall  funnels.  She  is  divided  into  nine 
water-tight  compartments.  The  passenger 
accommodation  is  distributed  throughout  six 
decks,  so  that  the  work  of  administration  can 
be  carried  on  with  the  greatest  advantage  to  the 
passengers.  The  first-class  rooms  arp  specially 
luxurious,  and  the   saloons    are   magnificently 
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furnished  and  decorated,  while  the  second-class 
state-rooms  and  saloons  are  almost  as  comfort- 
able, though  less  finely  decorated.  In  the  third 
class  there  are  more  berths  in  each  cabin,  and 
there  is  little  in  the  way  of  decoration,  but  the 
owners  have  provided  all  kinds  of  comforts  in 
the  matter  of  bedding,  napery,  and  eating 
utensils,  so  that  a  voyage  third-class  in  the 
Columbia  has  fewer  terrors  for  the  landsman 
than  a  voyage  first-class  in  any  Atlantic  liner 
had  a  few  years  ago. 

It  is  now  over  fifty  years  since  the  old  Cily 
cf  Glasgow  sailed  on  her  maiden  voyage  from 
the  Clyde,  and  a  comparison  of  the  dimensions 
and  tonnages  of  the  two  steamers  affords  a  fair 
indication  of  the  growth  and  development  of 
the  Transatlantic  trade  since  1850  : — 


City  of  Glasgow, 

Columbia. 

Length 

..     220  ft 

.     500  ft. 

Breadth 

..     32  ft 

.     56  ft. 

Depth  ... 

..     21  ft 

.     36  ft. 

Tonnage 

i,6oD  tons  ... 

8,400  tons. 

Engines 

. .     Overhead  beam    . 

Twin-screw. 

Description 

..     Jet  condensing     .. 

Triple-expansion. 

ANOTHER    COMPARISON. 

It  is  twenty  years  since  the  well-known 
City  of  Rome  was  taken  over  by  the  Anchor 
Line  and  placed  on  the  Clyde  and  New  York 


summer  service.  There  is  a  marked  difference 
in  some  respects  between  the  Columbia  and  the 
City  of  Rome,  so  long  associated  with  this 
service.  The  City  of  Rome  was  not  built  origin- 
ally for  the  Clyde  trade,  but  for  the  Liverpool 
trade;  and  while  she  has  traded  for  many  years 
from  the  Clyde,  she  has  not  been  able  to  come 
much  above  Greenock  except  for  dry-docking 
purposes.  On  comparing  the  two  vessels,  one 
notices  in  the  Columbia  the  absence  of  the 
beautiful  curved  bow,  with  the  handsome  figure- 
head of  Julius  Caesar  and  other  externals,  that 
went  to  cause  the  Cily  of  Rome  to  be  regarded 
generally  as  the  handsomest  vessel  engaged  in 
the  Atlantic  trade.  There  are  other  striking 
contrasts  between  the  Columbia  and  the  City  of 
Rome.  The  Columbia  carries  a  larger  cargo  on 
a  more  moderate  draft  of  water.  The  Cily  oj 
Rome  has  compound  engines ;  the  Columbia  has 
triple  expansion.  The  City  of  Rome  works  her 
boilers  at  a  pressure  of  85  lbs. ;  the  Columbia 
works  hers  at  a  pressure  of  180  lbs.  The  City  of 
Rome  has  one  propeller ;  the  Columbia  is  a  twin- 
screw.  The  coal  consumption  of  the  Columbia 
is  very  nearly  one-half  that  of  the  City  of  Rome, 
The  changes  that  have  taken  place  in  twenty 
years  are  all  in  the  direction  of  economy  and 
safety. 
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A  NEW  LATHK. 

'npHE  appearance  of  a  new  automatic  machine 
■^  is  always  a  fact  of  interest  in  the  trade.  A 
lathe  of  this  class  is  now  being  manufactured 
by  Mr.  J.  Parkinson,  of  Shipley.  The  following 
is  a  description  of  its  principal  movements, 
illustrated  by  outline  drawings. 

The  machine,  it  should  be  observed,  is  not 
intended  to  compete  with  those  that  produce 
threads  by  screwing  dies,  but  is  designed  for 
the  production  of  those  classes  of  screws  which 
can  be  best,  or  most  suitably  cut  in  a  screw- 
cutting  lathe.  It  may  not  be  supposed  to 
be  capable  of  turning  out  more  work  than 
can  be  performed  by  a  skilled  man,  doing  his 
best  under  the  most  favourable  conditions,  yet 
it  will  perform  automatically  and  with  absolute 
precision  all  that  the  best  workman  can  do  at 
his  best  continuously.  Besides  this,  two  or 
more  machines  can  be  operated  by  one 
attendant. 

The  principal  points  are  these  :  The  spindle 
rotates  in  one  direction  continuously.  The 
various  movements,  save  one,  are  driven  through 
the  lathe  spindle,  so  that  the  sequence  of  motions 
of  the  mechanism  is  not  affected  by  variations 
in  the  spindle  speeds.  The  movements  which 
are  thus  controlled  are  the  setting  in  and  with- 
drawing of  the  tool,  and  engaging  the  clasp  nut 
with  the  lead  screw.  The  exception  is  the  run- 
ning back  of  the  saddle  for  starting  another  cut, 
which  is  performed  at  a  uniform  speed  for  all 
screws,  and  this  is  also  made  self-arresting,  in- 
dependently of  any  mechanism  operated  by  the 
spindle.  Threads  of  any  section,  right  or  left 
hand,  are  cut.     The  feed  of  the  tool  operates 


automatically,  and  is  tripped  also  automatically 
after  the  desired  depth  of  thread  has  been  cut. 

A  valuable  feature  of  this  machine  is  that 
multiple  threads  are  cut  automatically,  the  tool 
catching  the  threads  at  the  precise  period 
required  for  two,  or  three  threads,  etc.,  and  in 
but  little  more  time  than  that  required  for  single- 
thread  screws.  To  those  who  know  the  diiFi- 
culty  of  catching  threads  correctly,  and  the 
crude  device  of  marking  the  change-wheels  for 
the  purpose,  this  alone  is  a  very  valuable  pro- 
vision.    It  is  effected  by  a  special  mechanism, 


FIG.  I. 
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the  leading  element  in  which  is  a  loose  ring 
attached  to  a  driver-plate,  and  a  pawl.  The 
motion  of  the  ring  is  arrested  for  half  a  revolu- 
tion for  two-threaded  screws,  and  for  a  third  of 
a  revolution  for  three-threaded  screws,  and  so 
on.  The  loose  ring  carries  projections  which 
strike  the  dog  on  the  screw  to  be  cut,  and  cause 
it  to  rotate.  Notches  are  made  in  the  driver- 
plate  to  correspond  with  the  number  of  threads 
required. 

The  main  operating  mechanism  of  the  lathe 
comprises  a  lead  screw,  and  two  shafts,  one  in 
front  beneath  the  lead  screw,  and  one  at  the 
back.  The  latter  receives  motion  from  the 
countershaft,  and  drives  the  shaft  in  front  by  a 
Renold  chain— an  example  of  the  growing 
popularity  of  the  chain  drive,  with  its  advantage 
of  positive  movement  without  chance  of  slip. 

Figs.  I  and  2  show  the  lathe  arranged  for 
cutting  right-hand  threads.  The  adjustments 
being  made,  the  shaft  to  be  threaded  is  placed 
between  the  centres.  The  lathe,  being  started, 
commences  to  take  the  first  cut.  When  the 
tool  has  reached  the  point  for  withdrawal,  a 
projection  on  the  saddle  conies  against  an 
adjustable  collar,  a  (fig.  2),  on  the?  controlling 
rod  at  the  front  of  the  bed.  This  operates 
mechanism  which  causes  the  shaft,  6,  at  the 
rear  and  above  the  lathe  bed  to  make  a  partial 
.revolution,  and  thus  by  the  crank,  c,  and  a  con- 
necting link,  dy  to  push  the  tool-slide  away  from 
the  lathe  centres.  This  movement  of  the  tool- 
slide  opens  the  clasp-nut,  as  will  be  noted  on 
reference  to  figs.  3  and  4.  At  e  (figs.  3  and  4)  is 
shown  the  cam-shaft,  the  partial  rotation  of 
which  closes  or  opens  the  halves  of  the  clasp- 
nut,/,  by  means  of  the  cam-plate,^.  On  the 
left  hand  end  of  the  cam-shaft,  e,  is  fixed  a  lever, 
h  ( fig.  3),  on  the  boss  of  which  is  loosely  ful- 
crumed  a  lever,  i  (figs.  2  and  3),  so  that  both  may 
move  together,  or  the  nut  be  opened  by  hand, 
if  desired.  Lever,  /,  is  connected  by  link,  k  (figs. 
2,  3,  and  4),  to  the  left  side  of  the  tool-slide;  and 
thus  the  movement  of  the  latter  away  from  the 
lathe  centres  simultaneously  causes  the  clasp- 
nut  to  open  and  release  the  screw.  The  move- 
ment of  the  tool-slide  being  continued  a  little 
further,  causes  the  cam,  /  (fig.  4),  which  is  con- 
nected with  the  lever,  1,  by  the  link,  w,  to  slip  a 
revolving  bevel  pinion,  w,  into  gear  with  a  wheel, 
o  (figs.  2  and  4),  and  that  drives  a  train  of 
j^earing  in  the  apron,  which,  acting  against  the 


Digitized  by 


Google 


3IO 


Page's  Magazine. 


FIG.  3. 

1-ack  on  the  front  of  the  bed,  returns  the  saddle 
rapidly  to  the  starting  point.  Just  before 
reaching  this  position,  however,  the  saddle 
strikes  the  collar,  a,  on  the  right  hand  side  of  the 
saddle,  and  again  trips  the  mechanism  for 
giving  the  reciprocating  rotary  motion  to  the 
shaft,  6,  which  now  pulls  the  tool  slide  towards 
the  lathe  centres.  Simultaneously  with  this, 
the  rotation  of  the  shaft,  #/iw,  at  the  front  of  the 
bed,  and  which  drives  the  sliding  bevel  pinion,  n, 
is  arrested,  as  will  be  explained  presently,  and 
thus  the  saddle  comes  to  rest. 

The  next  operation  is  to  catch  the  thread, 
and  to  understand  how*  this  is  effected  we  refer 
to  fig.  I,  which  is  an  end  view  of  the  lathe.  On 
the  end  of  the  spindle  there  is  the  driving 
change-gear,  which  actuates  the  driven  wheel 
on  the  lead  screw,  through  the  usual  train  of 
gearing,  carried  on  a  quadrant  plate.  The 
latter  is  omitted  from  fig.  2  for  the  sake  of 
clearness.  Behind  the  change-gear  on  the 
spindle  is  another  spur-gear,  ^,  driving  a  spur- 
gear,  g,  which  runs  between  friction  discs ; 
attached  to  one  of  these  there  is  a  chain  wheel,  r, 
which  drives,  by  means  ot  a  Renold  silent  chain, 
the  wheel,  s.  This  wheel  has  on  each  side  a 
disc,  the  inner  one  having  two  projections  or 
catches,  /,  fi,  dianietrically  opposite,  and  the 
outer  one  a  notch,  v,  A  stud  or  crank  pin,  «;, 
projecting  through  the  outer  disc,  by  a  link 
connection  actuates  the  lever,  ddy  on  the  end  of 
shaft,  b. 

Turning  again  to  fig.  2,  the  controlling  rod  is 
seen    connected    at  the  left  with   a  lever,  x. 


fulcrumed  on  the  stud,  y.  This  in 
turn  is  connected  by  links  to  the 
levers,  z  and  aa.  The  lever,  ^,  is 
keyed  on  a  rocking  shaft,  to  the 
outer  end  of  which  is  keyed  the 
lever,  cc,  which  has  a  projection  or 
catch,  overhanging  the  inner  disc 
of  the  wheel,  s.  Thus,  the  lateral 
movement  of  the  controlling  rod 
causes  the  lever,  cc^  to  come  within 
the  path  followed  by  one  of  the 
catches,  t  and  u,  as  the  wheel,  s, 
rotates,  and  to  arrest  the  rotation, 
the  slipping  of  the  friction  discs 
against  the  wheel,  9,  allowing  this 
to  take  place.  These  catches  are  so 
placed  that  as  the  lever,  cc,  is  moved 
from  the  path  of  the  catch,  /,  it  comes 
into  that  of  the  catch,  u.  It  is  thus  impossible 
for  the  wheel,  s,  to  make  more  than  half  a  revo- 
lution at  each  release. 

Thus  the  movement  for  withdrawing  the  tool 
is  effected,  first  by  the  saddle  moving  the  con- 
trolling rod  to  the  left,  which  causes  the  lever, 
ccy  to  release  the  catch,  ^,  and  allows  the  wheel 
to  make  half  a  revolution,  or,  until  the  catch,  u, 
strikes  the  lever,  cc.  This  movement  throws 
the  lever,  dd^  on  shaft,  6,  to  the  outer  of  the  two 
positions  shown  by  the  dotted  lines,  at  the  same 
time  giving  the  shaft,  6,  its  extreme  movement" 
in  one  direction,  withdrawing  the  tool  slide, 
releasing  the  lead  screw,  and  returning  the 
saddle  towards  its  original  position,  just  before 
reaching  which,  as  already  shown,  the  con- 
trolling rod  is  moved  to  the  right,  the  catch,  u^ 
released  and  the  shaft,  6,  rotated  a  portion  of 
its  movement,  sufficient  to  slide  the  bevel 
pinion,  w,  out  of  gear  with  the  wheel,  o,  fig.  2, 
This  time  however  the  wheel,  s,  is  only  allowed 
to  make  about  one-sixth  of  a  revolution,  the 
notch,  Vf  being  caught  by  the  hook  on  the 
double-ended  lever,  ee,  which  is  held  against  the 
periphery  of  the  disc  by  the  spring,  ff.  The 
lever,  dd^  is  thus  arrested  in  the  intermediate 
position,  shown  by  dotted  lines,  and  with  the 
tool,  lead  screw,  and  bevel  pinion  disengaged. 

Immediately  below  the  lead  screw,  and  driven 
by  a  small  pinion  upon  it,  is  a  spur-gear,  gg^  so 
arranged  that  it  makes  only  one  revolution  to 
twelve  of  the  lead  screw.  Clamped  to  this  gear 
by  the  plate,  hhj  is  a  disc,  /V,  carrying  twelve 
studs,  j7  (six  only  I  are  shown),  which  come  in 


Digitized  by 


Google 


^Workshop  Practice. 


3" 


turn  against  the  inclined  ends  of  the  lever,  ee^ 
and  cause  it  to   trip   out  of  the  notch,  r,  and 


^l^t 


release  the  wheel,  s,  which  is  then  free  to  make 
the  half  revolution  required  to  draw  in  the  tool 
slide,  and  engage  the  lead  screw. 

It  will  now  readily  be  seen  that  the  exact 
point  at  which  the  threads  of  the  lead  screw 
are  engaged,  is  determined  by  the  position  of 
the  studs  on  the  disc,  ii,  and,  as  already 
indicated,  these  may  be  readily  set  to  trip  the 
lever  at  any  desired  point.  The  lead  screw  has 
two  threads  per  indh,  and  it  follows  that  in 
cases  where  the  threads  to  be  cut  coincide  with 
the  lead  screw,  every  half-inch  engagement 
may  take  place  correctly  at  each  revolution  of 
the  latter,  and  all  the  twelve  studs  may  remain 
in,  each  one  corresponding  to  one  revolution  of 
the  screw ;  but  if  the  threads  to  be  cut  only 
coincide  with  every  other  thread  of  the  screw, 
then  six  of  the  studs  must  be  taken  put ;  if 
every  third,  then  only  four  opposite  studs 
remain  ;  if  every  fourth  thread,  three  studs 
equally  spaced  are  retained.  In  this  way,  for 
any  pitch  that  coincides  with  the  pitch  of  the 
lead  screw,  anywhere  within  six  inches,  the 
thread  is  caught  correctly. 

The  motion  for  running  back  the  saddle  is 
driven  by  a  separate  belt  (crossed  for  right- 
hand  screw)  from  the  countershaft,  on  to  the 
pulley,  kk  (figs,  i  and  2),  mounted  on  the  shaft,  //, 
which  transmits  the  rotary*  motion  through  a 
Renold  chain  to  the  shaft,  mm^  at  the  front  of 
the  lathe.  The  chain  wheel,  nn,  driven  by  the 
shaft,  //,  is  not  fixed  directly  thereto,  but  is 
driven  by  clutch  projections  on  the  disc,  00,  which 
slides  on  a  key,  being  moved  in  or  out  of  contact 
with  the  corresponding  projections  of  the  wheel. 


n«,  by  the  lever,  pp  (figs.  3  and  5),  which  is  fixed 
to  a  shaft,  qq^  carried  in  a  bracket  beneath  the 
lathe  bed.  To  the  front  end  of  the  shaft,  qq, 
the  lever,  aa,  is  fixed,  which,  as  already  stated  is 
connected  as  shown  by  a  link  to  the  lever,  x. 
The  movement  of  the  saddle  when  returning  to 
its  original  position,  thus  not  only  actuates  the 
lever,  cc,  and  releases  the  wheel,  s,  but,  imme- 
diately after  doing  so,  it  throws,  the  clutch,  00, 
out  of  gear,  and  automatically  arrests  its  return, 
movement.  The  lever,  pp^  is  acted  upon  by  a 
spring,  not  shown,  which  brings  the  clutch  pro- 
jections of  the  wheel,  nn,  and  disc,  00  (fig.  5), 
into  contact,  so  that  the  shaft,  mm,  again  com- 
mences to  rotate,  just  before  the  withdrawal  of 
the  tool. 

For  cutting  left-hand  screws,  the  direction  of 
rotation  of  the  lead  screw  is  changed,  the  pulley,. 
kk^  is  driven  by  an  open  belt,  and  the  points  of 
connection  with  the  lever,  ^,  of  the  links  which 
connect  the  two  levers,  aa,  are  transposed,  as. 
shown  by  dotted  lines. 


MU 


O^ 


FIG.  5. 


The  rapidity  of  the  work  done  by  this  lathe- 
may  be  judged  from  these  facts:  A  single- 
threaded  screw  in  iron,  i  in.  diameter,  with 
right  and  left  hand  threads,*  each  6^  in.  long,, 
was  cut  in  ten  minutes ;  a  double  square- 
threaded  screw  in  iron,  i  in.  diameter,  16  in. 
long,  was  cut  in  nineteen  minutes  ;  a  very  deep 
square-threaded  screw  in  steel,  i|  in.  diameter^, 
and  2  ft.  3  in.  long,  was  cut  in  forty  minutes. 

MACHINK  TOOLS. 

The  shops  of  the  Cincinnati  Milling  Machine- 
Co.,  whose  recent  designs  are  illustrated  in  this 
month's  article  on  "  Milling  Machines,"  have  a. 
system  of  compressed  air  laid  throughout  for 
the  purpose  of  cleaning  chips  from  work  in 
progress.  All  machine  tools  and  vice  benches 
are  supplied  with  branches,  and  each  branch 
terminates  in  a  nozzle,  having  a  valve  closed 
with  a  spring,  opened  by  the  pressure  of 
the  thumb.  Among  the  advantages  gained 
besides  that  of  cleanliness,  is  higher  rates  of 
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feed  to  cutters,  which  could  not  be  obtained  if 
the  work  were  clogged  with  chips.  It  is  note- 
worthy that  another  firm  applied  an  air  suction 
to  a  slab  miller  some  years  ago,  the  chips  being 
sucked  up,  instead  of  being  blown  about  to  the 
detriment  of  bearings  and  slides. 

Messrs.  Ward  and  Co.,  of  Birmingham,  have 
brought  out  a  new  double-cutting  planing 
machine.  A  single  tool  is  used  having  two 
cutting  edges,  one  at  back  and  one  at  front,  the 
■end  being  concave  to  give  clearance.  Both 
■edges  are  ground  at  one  operation,  to  ensure 
uniformity.  The  swinging  of  the  tool  box  to 
bring  the  tool  edges  alternately  into  action 
includes  side  and  under  cutting,  as  well  as 
horizontal,  effected  by  two  pivots,  vertical  and 
horizontal  respectively,  and  both  are  regulated 
by  the  feed  mechanism. 

A  good  deal  of  ingenuity  has  been  expended 
in  designing  combination  machines,  once  more 
popular  than  they  are  at  present,  for  the  modem 
tendency  is  in  the  direction  of  specialising  and 
limiting  the  operations  of  machine  tools.  But 
the  universal  tools  always  afford  an  interesting 
study.  One  of  these  has  been  designed  for  the 
use  of  Navy  artificiers,  and  made  by  the  Process 
and  Engineering  Co.,  of  Farringdon  Road,  E.G. 
It  is  a  self-acting,  sliding,  and  surfacing  lathe, 
swinging  60  in.  and  14  in.  between  centres.  It  is 
also  both  a  horizontal  and  vertical  milling 
machine,  and  a  profiling  machine,  a  shaper,  and 
slotter,  and  a  boring  machine. 

NEED    POR    A   POUNDRVMEN'S   ASSOCIATION. 

Though  a  good  deal  has  been  accomplished 
recently  in  remodelling  our  foundries,  there  are 
still  far  too  many— the  majority,  in  fact — which 
are  destitute  of  modern  appliances,  and  lacking 
an  intelligent  class  of  men.  There  is  nothing 
here  like  the  American  Foundrymen^s  Associa- 
tion, which  is  composed  of  leading  men  in  the 
trade,  proprietors,  and  foundry  managers,  who 
meet  in  convention  once  a  year— as  the  members 
of  the  Institution  of  Mechanical  Engineers  do 
here — at  some  industrial  centre,  and  read  and 
discuss  papers  and  visit  establishments.  The 
American  Foundrymen's  Association  now  num- 
bers 314  members,  with  an  income  for  the  last 
year  of  $2,353.     The  papers  read  are  practical, 


written  by  men  from  the  shops,  and  discussed 
from  the  standpoint  of  the  practical  moulder,  in 
plain,  forceful  language.  Technical  knowledge 
is  much  in  evidence,  but  only  that  which  bears 
directly  on  foundry  matters,  chiefly  the  chemistry 
of  cast  iron,  the  chemistry  of  the  cupola,  and  so 
on.  Such  an  association  of  managers  makes  its 
impress  on  the  men,  and  sharpens  the  friendly 
rivab-y  of  the  shops. 

A  familiar  sight  at  the  core  bench  is  the 
straightening  of  crooked  wires  pulled  out  of  the 
cores  by  the  fettlers.  This  is  a  boy's  job, 
getting  the  kinks  and  bends  out  with  hammer 
blows.  A  time-saver  recently  invented  is  an 
Apierican  machine  for  performing  this  work. 
The  wires  are  drawn  through  grooves  in  rolls 
made  to.  suit  wires  of  various  gauges,  the  grooves 
being  corrugated  to  bite  the  wires.  The  lower 
roll  is  stationary,  the  upper  one  is  movable 
against  the  downward  pressure  of  coiled 
springs, 

GERMAN    CRANES^ 

In  our  last  issue  we  alluded  to  the  German 
activity  in  the  manufacture  of  machine  tools. 
We  now  have  occasion  to  mention  the  crane 
industry,  the  particular  incident  which  justifies 
it  being  the  fact  that  a  German  crane  is  being 
built  for  Messrs.  Wm.  Beardmore  and 
Co.,  right  in  the  centre  of  the  Scotch 
crane  industry.  It  will  be  an  electric  crane 
of  200  tons  power.  We  do  not  know 
whether  this  is  a  question  of  price,  or  of  time 
of  delivery,  or  what  else,  but  we  have  for  three 
or  four  years  past  anticipated  that  the  rivalry  of 
American  and  German  crane  makers  will  prove 
as  serious  as  that  of  the  machine  tool  makers 
has.  Our  ;  insular  position  narrows  the  obser- 
vations of  the  average  man,  but  those  who  are 
closely  in  touch  with  crane  work  know  that 
German  cranes  have  many  good  points,  that 
German  engineers  were  first  in  the  field  in  the 
successful  electric  driving  of  cranes,  and  that 
they  are  still  more  advanced  in  that  field  than 
we  are.  Moreover,  they  have  made  a  speciality 
of  certain  types  which  are  now  in  high  favour, 
chief  among  which  is  the  portal,  or  gantry  crane. 
They  are  well  represented  in  London,  and  pro- 
bably will  be  more  so  as  business  develops. 
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60-STAMP    GOLD    MILU 


nODERN  PRACTICE  IN  HILLINC  AND 
AHALCAnATINC. 


EDGAR    SMART,    A.M.I.CE. 


THE  variations  of  milling  practice  in  dif- 
ferent parts  of  the  world  present  some 
remarkable  contrasts.  A  mining  expert  making  a 
tour  of  the  globe,  and  travelling  either  eastward 
or  westward  from  the  eastern  side  of  Australia, 
say  from  the  Charters  Towers  Goldfield  as 
a  starting  point,  will  find  that  the  amount  of  ore 
crushed  in  stamp  mills,  reckoned  per  stamp  per 
day,  gradually  increases  until  he  reaches  the 
goldfields  of  the  Transvaal.  The  following 
figures,  which  represent  approximately  the 
stamp  duty  obtained  in  several  mining  countries, 
will  fortify  the  above  statement : — 

Per  stamp  per  day. 

1.  Charters  Towers,  Queensland      ...  about  i^  tons. 

2.  New  South  Wales  ..  2    to  2^  tons. 

3.  Victoria         .  ...      2^103    tons. 

4.  Western  Australia 3i  to  5    tons. 

5.  Witwatersrand        ...         5    to  6^  tons. 

6.  United  States  4    to  5    tons. 

7.  New  Zealand  if  to  2^  tons. 

The  reasons  underlying  the  remarkable  dif- 
ferences which  are  observable  in  the  above 
figures  will  be  set  forth  in  this  article,  at  least 
in  part ;  and  afterwards  by  discussing,  some- 
what in  detail,  the  more  important  of  the 
several  divisions  of  the  subject,  it  will  be  shown 
how  and  why  the  high  stamp  duty  is  obtained 
in  the  Johannesburg  mills. 


LOW    RATE   AT   OHiUrrBIIS    TOWCRS, 

As  regards  the  first-named  district,  Charters 
Towers,  the  following  explanation  of  the  low 
duty  was  given  to  the  writer  by  a  man  intimately 
connected  with  mining  in  the  district.  The 
majority  of- the  miners  hold  strongly  to  the 
opinion  that  a  high  rate  of  crushing  necessarily 
reduces  the  percentage  of  gold  caught,  and,  as 
will  be  seen  later  on,  this  may  be  triie  if  the 
higher  stamp  duty  is  achieved  by  means  which 
are  unsuitable  for  the  ore  which  is  to  be  crushed. 
As  the  batteries  on  this  field  are  largely  run  as 
customs  mills  for  pubHc  crushing  at  a  fixed 
charge  per  ton,  while  the  gold  won  is  taken  by 
the  owners  of  the  ore,  the  work  has  to  be  carried 
on  in  accordance  with  the  wishes  of  the  cus- 
tomers, and  for  this  reason  the  speed  of  running 
is  limited  to  60  drops  per  minute.  Of  course, 
under  these  circumstances  it  is  not  surprising  to 
find  that  the  methods  now  in  use  show  little 
trace  of  the  advances  w^hich  have  been  made  in 
other  countries. 

■MULATION    LACKING  IN  NAW. 

In  New  South  Wales  up  to  the  present  time 
the  gold  mines  have  been,  generally  speaking, 
worked  on  a  small  scale,  a  thirty-head  mill  being 
considered   to   be  a  fairly  large  undertaking. 
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This  is  because  the  gold  is  found  either  in 
shoots  or  patches  of  limited  extent,  although 
sometimes  of  great  value.  Consequently,  the 
amount  of  development  work  is  large  in  relation 
to  the  ore  bodies  opened  up,  and  it  is  therefore 
impossible  in  most  cases  to  keep  a  large  mill 
continuously  running.  The  batteries  also  are 
scattered  widely  apart,  and  as  there  is  no  regular 
official  publication  of  the  results  obtained,  there 
is  an  absence  of  that  beneficial  spirit  of  emula- 
tion among  millmen  which  is  found  in  crowded 
mining  districts  where  they  can  see  each  other's 
work  and  know  each  other's  results. 

IN  VICTORIA. 

In  the  colony  of  Victoria  there  are  a  number 
of  mines  in  the  outlying  districts  to  which  the 
above  remarks  also  apply.  On  the  larger  gold- 
fields,  such  as  Bendigo  and  Ballarat,  the  gold  is 
usually  very  coarse  and  easily  caught,  so  that 
the  chief  difficulties  occur  and  the  most  skill  is 
required  in  the  mining  department.  Therefore 
the  management  is  naturally  entrusted  to  an 
intelligent,  practical  miner,  and  the  milling  does 
not  receive  the  special  expert  attention  which 
is  required  when  dealing  with*  very  fine  gold. 
The  batteries  are  almost  always  built  in  the 
colony,  and  as  the  results  are  satisfactory  to 
both  makers  and  purchasers,  it  is  perhaps 
scarcely  wise  for  an  outsider  to  offer  any  adverse 
criticism.  It  has  to  be  remembered  also  in 
comparing  the  output  with  that  obtained  in 
other  countries,  that  practically  the  whole  of  the 
material  crushed  consists  of  fairly  hard  quartz. 
Still,  it  seems  likely  that  by  adopting  a  heavier 
type  of  stamp,  and  by  substituting  woven  wire 
screens  for  punched  plates,  fewer  stamps  would 
be  required  for  an  equal  amount  of  ore. 

In  the  Kalgoorlie  district  of  Western  Aus- 
tralia the  conditions  are  so  unique  that  ^ 
comparison  of  results  with  other  places  can 
scarcely  be  made.  On  the  one  hand  the  gold  is 
so  finely  divided  that  the  output  has  been 
limited  by  the  absolute  necessity  for  very  fine 
crushing,  while  on  the  other  hand  the  com- 
parative softness  of  the  ore  has,  of  course,  tended 
to  increase  the  stamp  duty. 

LOW   STAMP    DUTY    IN    NEW    ZEALAND. 

As  regards  New  Zealand,  the  following 
reasons  sufficiently  explain  the  very  low  stamp 
duty  on  the  principal  goldfield  at  the  present 


time,  namely,  the  Hauraki  district.  In  the  first 
place,  the  ore  is  exceptionally  tough  ;  secondly, 
the  gold  is  finely  divided,  and,  therefore,  fine 
crushing  is  required ;  and,  thirdly,  as  the  whole 
of  it  is  treated  by  cyanide,  it  is  either  crushed 
dry  or  with  very  limited  quantities  of  water,  so 
that  the  pulp  is  very  thick. 

80UTH    AFRICA    OUTSTRIPS    THE    UNITED    STATES. 

As  America  was  certainly  the  home  of  first- 
class  milling  practice,  which  was  transplanted 
to  the  Witwatersrand  largely  by  American 
engineers,  it  appears  strange,  at  first  sight,  that 
South  Africa  should  have  outstripped  the 
United  States.  The  whole  reason  for  this  lies 
in  the  extent  and  in  the  consistency  and  regu- 
larity of  the  gold-bearing  reefs,  which  enabled 
development  to  be  carried  on  with  a  precision 
and  certainty  which  have  never  been  possible  in 
any  other  country.  With  few  exceptions,  the 
mills  were  backed  up,  and,  so  to  speak, 
oppressed  by  large  and  constantly  increasing 
ore  reserves  in  the  mines,  and  as  depth  was 
attained  the  ore  became  harder,  so  that,  unless 
the  mills  had  kept  pace  with  the  mines,  the 
total  output  would  have  gradually  decreased. 
Here,  then,  were  all  the  conditions  necessary 
for  that  practical  form  of  evolution  known  as 
the  survival  of  the  fittest,  and  the  struggle 
applied  both  to  mills  and  millmen.  Mills  which 
in  some  parts  of  the  world  would  have  been 
considered  as  models  of  perfection,  were  ruth- 
lessly, but  correctly,  sacrificed  and  superseded 
by  designs  more  adequate  to  the  task  imposed 
upon  them. 

The  above  brief  glance  at  the  principal  con- 
ditions which  modify  the  milling  practice  on  a 
few  of  the  more  important  goldfields  of  the 
world,  shows  that  no  fair  and  adequate 
criticism  is  possible  without  carefully  consider- 
ing, in  detail,  a  number  of  conditions  which 
affect  the  final  result  in  each  particular  case. 
Those  points  which  bear  upon  the  quantity  of 
material  crushed  will  first  be  dealt  with,  and 
afterwards  those  connected  with  the  recover)- 
of  the  gold. 

THE   NATURE  OP  THE  ORE. 

From  a  crushing  point  of  view  ores  may  be 
roughly  classified  in  the  following  manner : — 

So//,  such  as  the  silicates  of  alumina  and 
magnesia. 
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Friable,  such  as  the  upper  and  completely 
oxidised  portions  of  heavily  mineralised  lodes. 

Hard  and  brittle,  as  the  semi-translucent 
quartz  met  with  so  often  in  all  parts  of  the 
world. 

Hard  and  tough,  as  chalcedonic  quartz, 
quartzite,  and  the  like. 

Hardness  can  be  defined  and  measured  on 
the  ordinary  scale  used  by  mineralogists.  Tough- 
ness is  a  more  elusive  quality;  but  anyone 
accustomed  to  break  up  samples  of  many  kinds 
of  ore  can  achieve  both  definition  and  measure- 
ment with  a  hand  hammer.  A  tough  ore  is  one 
that  rebounds  after  a  blow,  and  is  reduced  in 
size  by  attrition  rather  than  by  cracking,  except 
under  a  very  massive  blow. 

SCREENS. 

Over  the  greater  part  of  Australia  punched 
plates  are  largely  used,  but  in  South  Africa  woven 
wire  screens  are  almost  universally  employed. 
The  great  advantage  of  the  latter  is  that  for 
equal  sized  holes  they  have  a  greater  discharge 
area  than  the  plates,  but  their  disadvantage  is 
the  necessity  for  more  frequent  renewal  owing 
to  breakage.  This,  however,  is  a  small  matter 
compared  with  their  greater  capacity,  and  as 
only  the  lower  part  of  the  screen  is  really 
effective  for  discharge,  the  cost  of  renewals  can 
be  reduced  to  a  minimum  by  using  shallow 
screens,  or,  as  is  sometimes  done,  by  turning  the 
screen  upside  down  when  the  lower  part  is 
worn. 

The  size  of  the  holes  in  the  sci:een  depends 
not  only  upon  the  condition  in  which  the  gold 
occurs  in  the  ore,  but  also  upon  the  methods  of 
extraction  which  are  to  follow  the  crushing 
process.  For  instance,  when  amalgamation 
only  is  to  be  employed  in  recovering  the  gold, 
it  is  necessary  to  break  the  gangue  to  such  a 
fineness  that  the  particles  of  gold  are  absolutely 
detached  from  the  stone.  But  when  the  amal- 
gamation process  is  to  be  followed  by  any 
method  of  bringing  the  gold  into  solution,  it  is 
sufficient  to  expose  the  said  particles  without 
necessarily  detaching  them.  Hence  on  the 
Rand,  where  cyanide  treatment  is  invariably 
applied  to  the  mill  tailings,  there  has  been  a 
steady  tendency  towards  coarser  screens, 
always  with  the  one  object  to  increase  the  out- 
put of  the  mill,  and  thus  lessen  the  cost  of 
crushing  per  ton,  so  far  as  this  can  be  done 


without  lessening  the  total  extraction.  In 
the  early  days,  1,600-mesh  screens  were  the 
rule,  then  900-mesh.  Now  700-  or  600-mesh  is 
common,  and  even  400-mesh  is  sometimes  used. 
The  increase  in  output  caused  by  the  change 
from  900-  to  700-mesh  in  that  district  amounted 
to  about  10  per  cent.  And  the  tailings  residues 
to-day  are  certainly  lower  than  they  were  nine 
or  ten  years  ago,  but  that,  of  course,  is  due  to 
improvements  in  the  cyaniding.  Still,  allowing 
for  this  improvement,  the  results  conclusively 
show  that  even  with  very  finely  divided  gold 
very  coarse  crushing  is  not  incompatible  with 
good  extraction. 

SPEED   OP  STAMPS. 

It  is  clear  that  there  is  an  absolute  limit  to  the 
speed  at  which  gravitation  stamps  can  be  run, 
which  is  determined  by  natural  laws  ;  for  if  the 
drop  be  not  completed  before  the  cam  gets  in 
the  way,  the  stamp  tappet  will  fall  on  the  cam 
instead  of  the  head  upon  the  ore.  If  the  stamp 
be  considered  theoretically  as  a  freely  falling 
body,  the  time  required  for,  say,  a  9-in.  drop 
will  be  o'2if>  second.  Allowing  an  equal  time 
for  the  lift,  and  no  loss  of  time  between  the 
two,  the  maximum  speed  attainable  in  theory 
with  a  9-in.  drop  will  be  139^  drops  per 
minute.  But  the  stamp  does  not  fall  with 
perfect  freedom,  because  there  is  the  friction 
of  the  guide  blocks  to  be  taken  into  account, 
neither  would  it  be  possible  practically  to  run 
with  no  interval  of  time  between  the  completion 
of  one  drop  and  the  commencement  of  the  next 
lift. 

Therefore  it  is  evident  that  nothing  approach- 
ing the  result  figured  out  above  can  be  expected 
in  practice  ;  and  the  speed  of  about  95  drops  per 
.  minute  with  a  fall  of  between  8  in.  and  9  in. 
now  attained  is  not  likely  to  be  exceeded  with 
stamps  of  the  ordinary  gravitation  type.  Rapid 
running  stamps  have  been  designed,  provided 
with  springs  which  are  compressed  during  the 
lift  of  the  stamp  stem,  and  when  released  by  the 
cam  these  springs  accelerate  the  speed  at  which 
the  stamp  falls,  and  thereby  allow  it  to  be  run  at 
a  greater  number  of  drops  per  minute.  Also 
by  substituting  parallel  motion  links  in  place 
of  the  present  guide  blocks,  some  increase  of 
speed  might  be  obtained,  but  as  the  simplicity 
of  the  machine  is  diminished  by  the  addition  of 
either    springs    or     links,     no     real     practical 
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advantage  is  likely  to  result  from  such  modifica- 
tions in  the  design.  Accepting,  therefore,  a  speed 
of  95  drops  at  9  in.,  or  100  drops  at  6  in., 
as  the  practical  limits  of  speed  allowed  by  the 
mechanical  conditions  of  the  problem,  it  seems 
to  be  clear  from  the  milling  point  of  view  that 
all  stamps  should  be  run  at  this  speed,  or  as 
near  to  it  as  their  condition  of  repair  will  allow ; 
for  to  run  at  less  than  the  maximum  speed  is, 
so  far  as  crushing  is  concerned,  almost  exactly 
equivalent  in  its  results  to  stopping  the  mill 
altogether  during  a  portion  of  each  day. 
Whether  any  improvement  in  the  amalgamation 
is  effected  by  slow  running  is  a  question  to  be 
dealt  with  later  on. 

WEIGHT   OP   STAMPS. 

Having  reached  the  practical  limit  of  speed, 
the  next  direction  in  which  the  millman  will 
naturally  turn  to  enlarge  the  output  from  his 
battery  is  towards  heavier  stamps.  On  the 
Witwatersrand  the  gradual  but  continual  in- 
crease in  the  weight  of  the  stamps  has  shown 
conclusively  that  on  the  class  of  ore  there 
prevalent  each  increment  of  weight  up  to  the 


present  limit  of  1,250  lbs.  has  resulted  in  an 
increase  of  output.  It  may  be  objected  to  this 
view  that  the  use  of  screens  of  coarser  mesh 
has  contributed  to  the  result,  and*  this  is,  no 
doubt,  true  to  some  extent,  but  a  reference  to 
the  points  lettered  A,  B,  and  C  in  the  diagram 
below  will  show  the  result  of  increased  weight 
in  three  cases  where  the  screens  were  of  equal 
mesh.  It  has  to  be  remembered  also  that  the 
pyritic  ore  now  being  crushed  with  the  heavy 
stamps  is  very  much  harder  than  the  oxidised 
ore  that  was  dealt  with  some  years  ago,  when 
the  lighter  stamps  were  in  vogue.  While  this 
shows  that  the  increase  of  stamping  power  has 
been  actually  greater  than  is  indicated  by  the 
figures  plotted  on  the  diagram  or  tabulated 
below,  it  must  not  be  taken  for  granted  that  an 
equal  advantage  can  be  obtained  in  the  same 
way  when  crushing  soft  or  friable  ores,  neither 
is  it  safe  to  assume  that  there  is  no  limit  to  the 
increase  of  output  which  is  obtainable  in  this 
manner. 

In  order  to  exhibit  actual  results  in  a  form  in 
which  they  may  be  readily  compared,  the 
annexeddiagramhas  been  plotted  from  a  number 
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of  published  returns  *  relating  to  various  mines 
at  Johannesburg.  The  weights  of  the  stamps 
are  plotted  as  abscissae  and  the  corresponding 
outputs  as  ordinates. 

The  outputs  were  all  adjusted  to  a  uniform 
speed  of  95  drops  per  minute,  and  the  height  of 
drop  only  varied  from  7^  in.  to  8^  in.  The  size 
of  the  screen  mesh,  where  known,  is  indicated 
by  the  numbers  placed  alongside  the  black 
circles.  As  might  have  been  expected,  there  is 
a  considerable  variation  even  in  cases  where 
the  conditions  are  apparently  similar,  but  the 
most  striking  and  unexpected  circumstance  is 
that  the  four  highest  results,  A,  B,  C,  and  D, 
fall  into  an  absolutely  straight  Hne.  Con- 
sidering that  the  irregularities  exhibited  are 
probably  due  to  imperfect  feeding  and  other 
matters  which  would  all  tend  to  diminish  the 
output,  it  seems  quite  reasonable  to  conclude 
that  this  straight  line  fairly  represents  the 
maximum  output  (for  that  class  of  ore)  which 
can  be  maintained  in  actual  work  on  a  large  scale 
and  over  a  long  period  with  700-mesh  screens. 
The  numbers  in  the  follov/ing  tables  were  ob- 
tained by  measurement  from  the  same  diagram 
plotted  on  squared  paper.  The  dotted  line 
shows  the  probable  maximum  output  obtainable 
with  900-mesh  screens  : — 


day,  while  an  increase  of  weight  to  1,150  lbs. 
makes  a  difference  of  0*42  ton  with  the  finer 
screen,  and  of  047  ton  with  the  coarser  screen. 

PEEDINa 

This  is  a  most  important  matter  as  regards 
the  output  of  a  battery.  The  essential  principle 
of  proper  feeding  may  be  expressed  paradoxi- 
cally by  saying  that  the  more  slowly  the  material 
is  put  in  the  more  quickly  it  comes  out,  or,  in 
other  words,  by  keeping  only  a  very  thin  layer 
of  ore  on  the  dies  the  stone  is  more  readily 
broken.  A  Httle  consideration  makes  this  quite 
clear,  for  if  the  stamp  falls  on  a  piece  of  rock 
which  itself  lies  directly  upon  the  die,  the  piece 
receives  the  whole  force  of  the  impact.  On 
the  other  hand,  if  the  piece  receiving  the  blow 
is  embedded  among  a  number  of  other  pieces 
which  form  a  thick  layer  over  the  die,  the  down- 
ward motion  is  gradually  instead  of  suddenly 
arrested,  as  it  squeezes  together  the  layer  of 
loose  pieces,  and  only  a  portion  of  the  effect  is 
available  to  crack  them.  And,  of  course,  the 
effective  height  of  fall  is  also  less  when  there  is 
a  lot  of  ere  above  the  dies.  The  writer  had 
these  truths  forcibly  impressed  upon  him  many 
years  ago,  when  running  a  small  hand-fed 
battery  with  a  Boer  feeder.     This  man  soon 


Table  I. 


Weight  of  stamp 

Tons  crushed  per  stamp  per  day. 

Weight  of  stamp 
in  lbs. 

Tons  crushed  per  stamp  per  day. 

in  lbs. 

700-mesh. 

9oo-mesh. 

700-mesh. 

900-mesh- 

700 
750 
800 
850 
900 
950 

3-85 
4-08 
4*32 
4*55 
479 

5-02 

369 
3.80 
4*oi 

4-22 

4-43 

4-64 

1,000           1             5-27                          4-85 

1,050               1                 5-50                 1                 5-06 

1,100           1            574            !            5-27 
1,150           1             597             !             5-48 

1,200                                 6-21                                    5-69 
1,250                                 644                  1                  5-90 

Output  for  Witwatersrand  banket  according  to  weight  of  stamps.     At  95  drops  per  minute,  about  8-in. 
drop,  and  4-in.  to  6-in.  height  of  discharge. 

An  inspection  of  the  above  table  shows  that 
an  increase  oi  100  lbs.  in  the  weight  of  the 
stamp  has  about  the  same  effect  upon  the  out- 
put as  the  change  from  900  to  700-mesh.  For 
instance,  taking  the  1,050  lbs.  stamp,  the  change 
of  screens  makes  a  difference  of  0*44  ton  per 


*  Some  of  the  necessary  data  were  taken  from  "The  Gold  Mines  of 
the  Rand,"  Hatch  and  Chalmers,  i8i)5,  p.  202. 


discovered  that  by  throwing  in  a  lot  of  stuff 
at  one  time,  he  could  then  sit  down  for  half  an 
hour  while  the  choked-up  battery  gradually 
cleared  itself.  The  obvious  and  successful 
remedy  was  the  substitution  of  a  less  intelHgent 
but  more  industrious  Kaffir. 

Now,  it  is  evident  that  as  the  feed  should  be 
kept  low,  it  must  of  necessity  be  very  regular, 
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in  order  to  prevent  actual  contact  at  any  time 
between  the  shoes  and  the  dies.  In  this  respect 
hand-feeding  properly  done  is  quite  perfect 
and  superior  to  automatic  feeding,  but  the 
amount  of  attention  required  for  the  former,  and 
the  consequent  cost,  turn  the  balance  in  favour 
of  automatic  feeders,  which  also  give  excellent 
results.  That  is  to  say,  the  feeding  is  so  regular 
that  it  can  be  adjusted  to  give  a  very  low  feed 
without  causing  undue  breakages.  Consequently 
in  all  mills,  large  and  small,  where  a  high  stamp 
duty  and  low  costs  are  required,  automatic 
feeders  are  provided. 

The  output  of  a  battery  also  depends  to  some 
extent  upon  the  size  to  which  the  ore  is  broken 
before  it  reaches  the  boxes.  It  is  evident  that 
previous  breaking  reduces  the  work  required 
of  the  stamps ;  but  as  it  takes  fewer  blows  to 
break  up  the  larger  pieces  than  it  does  to  crush 
the  whole  to  the  size  of  the  screen  holes,  it  is 
also  clear  that  there  must  be  a  practical  limit 
somewhere  beyond  which  the  preliminary 
breaking  should  not  go.  Mr.  T.  K.  Rose*  puts 
this  limit  at  ^  in.  cubes,  but  2  in.  to  2^  in. 
is  far  more  common  practice  where  rock 
breakers  are  used.  There  seems  little  to  choose 
between  the  two  types  of  rock  breaker  princi- 
pally in  use,  namely  the  reciprocating  jaw 
breaker  and  the  rotary  machine,  the  principal 
p>oint  being  that  the  apparatus  of  either  type 
should  be  one  that  is  turned  out  by  experienced 
makers.  In  Australia  the  Blake  machine  seems 
to  be  the  favourite,  in  Johannesburg  the  Blake 
or  the  Gates  is  generally  used,  and  in  America 
the  Gates  and  the  Dodge  breakers  are  largely 
employed. 

DISCHARGE    OP  PULP. 

The  discharge  from  the  mortar  boxes  is 
.effected  to  a  small  extent  by  the  continual  flow 
of  water  through  the  boxes,  but  the  principal 
agent  in  the  ejection  of  the  crushed  rock  is  the 
splashing  caused  by  the  fall  of  the  stamps.  As 
each  stamp  descends,  it  splashes  the  pulp  in  all 
directions  and  to  a  limited  height  according  to 
the  weight  and  drop.  As  the  only  part  of  the 
splash  which  assists  the  discharge  is  the  part 
which  strikes  the  screen,  it  is  evident  that  if  the 
lower  edge  of  thd  screen  is  very  much  higher 
than  the  tops  of  the  dies,  sO  that  a  large  portion 
of  the  splashed  pulp  strikes  the  solid  front  of 

*"  The  Metallurjjy  of  Gold,"  iK</).  p.  loi. 


the  mortar  box  below  the  screen,  the  conditions 
are  unfavourable  for  a  rapid  discharge.  When, 
therefore,  the  main  object  is  to  keep  the  ore  in 
the  boxes  for  a  considerable  time  with  a  view  to 
inside  amalgamation,  deep  mortar  boxes  with  a 
high  discharge  are  used.  Before  the  development 
of  cyaniding  and  pyritic  smelting,  this  was  the 
usual  and  successful  practice  in  districts  where 
amalgamation  had  to  be  relied  upon  alone  for 
the  extraction  of  ores  containing  minerals  which 
.tended  to  sicken  the  quicksilver  and  retard 
amalgamation.  Nowadays,  however,  the  prac- 
tice is  rather  to  crush  such  ores  coarsely  and 
rapidly,  and  to  rely  upon  other  methods,  such  as 
concentration  followed  by  smelting,  or  direct 
cyaniding,  for  the  recovery  of  that  part  of  the 
gold  which  is  not  readily  amalgamated.  There- 
fore low  discharge  is  one  of  the  features  of 
modern  milling  in  most  countries  where  proper 
attention  has  been  given  to  the  subject.  On  the 
Rand  very  low  discharge  is  the  rule,  even  down  to 
2^  in.  in  some  cases.  The  wear  and  tear  of  the 
screens  is  increased  because  they  are  battered 
by  a  larger  proportion  of  coarse  pieces  when 
they  are  low,  and  therefore  it  is  not  advisable 
to  place  them  lower  than  is  necessary  to  dis- 
charge the  ore  just  as  fast  as  it  is  crushed  to 
the  requisite  size.  So  far  as  one  may  judge 
from  a  comparison  of  results  which  are,  how- 
ever, affected  by  other  variable  conditions,  it 
appears  that  there  is  nothing  gained  by  reducing 
the  height  below  the  following  figures  for  hard 
quartz  ore  or  banket : — 

With  400-mesh  screens  ...     2^  in. 

„     700     M         V  •••     4    „ 

,.        900         M  M  -        5        P 

CONTINUITY    OP   WORK. 

Having  secured  the  maximum  efficiency  of 
the  stamps  during  the  time  they  are  working,  it 
is  also  equally  important  that  the  work  shall  not 
be  impeded  by  accidental  stoppages.  A  series 
of  interruptions  caused  by  breakages  or  the  like 
costs  much  more  than  a  complete  stoppage  for 
repairs  at  regular  and  suitable  times,  because  in 
the  first  case  all  the  mill  labour  has  to  be  paid 
for  during  the  time  the  battery  is  idle,  but  only 
a  small  part  of  it  in  the  second  case.  The 
following  are  the  principal  conditions  by  which 
is  secured  that  continuity  of  operations  which 
is  characteristic  of  the  best  milling  practice  at 
the  present  day. 
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1.  Sound  construction  in  every  detail  when 
the  mill  is  erected,  and  a  liberal  allowance  of 
steam  power. 

2.  Constant  maintenance  of  battery  and 
engine  in  good  repair. 

3.  The  provision  of  convenient  means  of 
access  to  every  part  of  the  machinery. 

4.  An  overhead  travelling  hoist  for  the  rapid 
replacement  of  wearing  parts. 

5.  A  sufficient  and  efficient  staff. 

6.  Plenty  of  storage  capacity  in  the  ore  bins 
to  provide  against  irregularity  in  the  delivery 
from  the  mine. 

The  first  three  of  these  conditions  really  have 
to  do  with  the  design  and  construction  of  mills, 
which  is  beyond  the  scope  of  the  present 
article;  but  the  last  two  may  be  briefly 
discussed. 

STAFF. 

In  mills  of  good  design  with  full  equipment, 
including  automatic  feeders  and  well-arranged 
with  respect  to  accessibility,  the  following  num- 
ber of  men  should  be  sufficient  for  the  various 
sizes,  where  white  labour  is  employed  : — 

For  10  stamps— one  man  and  one  boy  per 
shift. 

For  25  stamps— one  amalgamator  and  one 
engine-driver  for  each  shift. 

For  50  stamps — one  amalgamator,  one  assis- 
tant ditto,  one  engine-driver,  one  stoker  per 
shift. 

For  mills  of  the  sizes  given  above  there  is  not 
sufficient  work  to  keep  a  millman  or  mechanic 
continually  employed,  but  for  larger  mills  the 
regular  staff  should  include  two  fitters  and  a 
carpenter,  who  may  work  their  shifts  at  suitable 
times  as  required.  In  addition  to  these  a  100- 
stamp  battery  should  have  one  amalgamator 
with  two  assistants,  one  engine  driver,  and  one 
stoker.  In  some  cases,  according  to  the  situa- 
tion and  arrangement  of  the  plant,  it  is  necessary 
to  employ  separate  attendants  for  some  parts  of 
the  machinery,  such  as  crushers  or  elevators.  It 
is  always  desirable  that  the  men  who  handle  the 
amalgam  or  the  plates  should  have  no  dirty  or 
greasy  work  to  do,  and  this  is  possible  in  large 
mills,  where  special  greasers  can  be  employed. 
In  Johannesburg,  where  Kaffir  labour  is  appa- 
rently cheap,  there  is  no  difficulty  about  extra 
labour  of  this  kind,  but  in  small  mills  where 
native  labour  is  not  available,  the  amalgamators 
have  to  do  all  the  work  around  the  mill,  and 


every  facility  should  be  provided  to  induce 
cleanliness  in  deahng  with  the  mercury  and 
amalgam. 

ORE  BINS. 

As  the  considerations  which  govern  the 
storage  capacity  of  a  mill  illustrate  the  method 
of  deciding  many  points  of  metallurgical 
practice,  it  may  be  worth  while  to  go  into  the 
question  somewhat  in  detail  at  the  risk  of  being 
tedious.  If  the  bins  are  too  small,  any 
irregularity  in  the  output  of  the  mine  im- 
mediately interrupts  the  crushing.  If  too 
large,  there  is  a  loss  consisting  of  interest  and 
redemption  on  the  extra  cost  of  constructing 
them,  and  interest  on  the  cost  of  raising  the 
extra  ore  lying  in  the  bins.  Of  course,  no 
account  need  be  taken  of  the  gold  in  the  extra 
ore,  because  if  it  were  not  in  the  mill  it  would 
remain  equally  unavailable  in  the  mine.  Take 
the  case  of  a  50-stamp  mill  crushing  300  tons 
per  day,  and  assume  the  following  costs :  For 
stoping,  raising  and  tramming  ore,  say,  12s.  per 
ton,  which  is  equal  to  ;^i8o  for  each  300  tons.  The 
interest  on  this  at  5  per  cent,  per  annum  amounts 
to  o'02i  pence  per  ton  crushed  per  annum. 
Cost  of  extra  bin  capacity  for  300  tons,  say, 
;^ioo.  The  interest  on  this  with  its  redemption 
in,  say,  ten  years,  amounts  to  0027  pence  per 
ton.  The  additional  storage,  therefore,  means 
an  increase  of  0048  pence  per  ton  to  the  cost 
of  crushing.  Now  against  this  may  be  placed 
the  loss  due  to  one  day^s  stoppage  of  the  mill. 
Assuming  that  the  total  yield  per  ton  of  ore  is 
9  dwts.,  the  output  is  lessened  by  ;^S40,  on 
which  the  interest  amounts  to  0062  pence  per 
ton  on  the  yearly  output  of,  say,  105,000  tons. 
Then  there  is  a  partial  loss  of  wages  on  all  the 
surface  work,  and  the  extra  cost  of  stopping  and 
re-starting  the  various  operations, which  maybe 
put  down  at  not  less  than  ;^30,  and  which 
works  out  at  o*oo8  pence  per  ton.  The  result 
is  that  stopping  the  mill  for  a  single  day  costs 
007  pence  per  ton,  while  the  provision  of  an  extra 
day's  storage  costs  only  0*048  pence  per  ton.  If 
the  shortage  of  ore  occurs  several  times  in  a  year, 
the  balance  in  favour  of  a  large  bin  capacity  is 
still  more  pronounced.  The  saving  of  one  day's 
interest  on  the  cost  of  the  battery  might  also 
fairly  be  added  to  the  credit  side  of  the  account, 
and  it  is  not  surprising,  therefore,  to  find  that 
much  larger  bins  are  provided  in  modern  mills 
than  was  customary  a  few  years  ago.  Formerly, 
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one  day's  supply  was  considered  sufficient, 
whereas  now  as  much  as  three  days*  supply  is 
provided  for. 

WEAR  AND  TEAR. 

Some  interesting  experiments  on  the  actual 
wear  of  shoes  and  dies  of  various  materials  were 
made  at  the  mill  of  the  Robinson  Company  in 
Johannesburg  many  years  ago,*  which  are, 
however,  still  of  value,  as  there  has  been  prac- 
tically no  advance  in  this  direction  since  that 
time.  The  best  results  showed  that  the  shoes 
diminished  in  weight  at  the  rate  of  4^  ozs., 
and  the  dies  at  2^  ozs.  per  ton  of  ore  crushed, 
or  7  ozs.  altogether.  In  1900,  at  the  Haile  minef, 
the  wear  of  shoes  and  dies  together  was  0*5  lb. 
per  ton,  which  is  almost  identical  with  the  best 
Robinson  figure.  But  as  there  is  at  present 
no  unanimity  of  opinion  as  to  the  best  material, 
the  average  of  the  Robinson  Company's  ex- 
periments, as  given  below,  will  more  nearly 
represent  the  wear  in  general  practice  : — 

Average  weight  of  sh6e  when  put  in  171  lbs. 
„  ,,  taken  out    44  lbs. 

Actual  loss  of  weight  in  working     127  lbs. 

Tons  crushed,  379. 

Therefore  the  average  wear  of  the  shoe  is 
o'33S  lb.  per  ton.  But  there  is  also  the  44  lbs. 
of  material  discarded,  which  has  also  to  be 
debited  to  the  cost  of  crushing,  and  which 
works  out  at  01 16  lb.  per  ton  of  ore.  The 
following  figures  relate  to  the  dies  : — 

Average  weight  of  die  when  put  in  119  lbs- 
„  „  taken  out    51  lbs. 

Loss  by  attrition  in  working    68  lbs. 

Tons  crushed,  347. 

Therefore  the  loss  by  attrition  =  0*147  lb.  and 
by  waste      0196  lb. 

Adding  these  four  figures  together,  the  average 
total  loss  of  shoes  and  dies  is  0794  lb.  of  steel 
for  each  ton  of  ore  crushed. 

The  usual  materials  may  be  placed  in  the 
following  order  as  regards  durability,  the  most 
durable  being  placed  first :  Chrome  steel, 
manganese  steel,  Bessemer  steel,  forged  steel, 
iron. 

If  the  matter  were  merely  one  of  the  cost  of 
material  it  could  be  easily  settled  by  comparing 
the  total  wear  multiplied  by  the  cost  per  lb.  of 

*  Souili  African  Mininfl  Joutual,  iisl  December,  i8<)2. 
t  Mineral  Indu«»try,  1900. 
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each  material,  but  the  time  occupied  in  replacing 
the  worn-out  shoes  and  dies  has  also  to  be 
taken  into  account,  and  for  a  maximum  output 
the  most  durable  material  would  be  chosen, 
unless,  of  course,  its  price  should  be  prohibitive. 
There  are  also  a  number  of  other  parts  in  a 
battery  which  require  renewal,  the  chief  of 
these  being  stems,  tappets,  cams,  and  bearings, 
which,  however,  do  not  amount  to  much  p>er  ton 
of  ore. 

EXPENDITURE  OP  POWER. 

In  driving  a  mill  the  greater  part  of  the  work 
is  done  in  lifting  the  dead  weight  of  the  stamps, 
and  this  can  be  readily  calculated  for  any  given 
case.  Thus  for  each  i,ooo  lbs.  stamp  at  90  drops 
per  minute,  with  an  8- in.  drop,  1*82  h.p.  is 
required  theoretically.  But  the  friction  of 
guide  blocks,  cams  and  bearings  adds  generally 
about  10*63  h.p.  to  this  calculated  quantity,  so 
that  the  real  amount  required  is  2*45  h.p.  per 
stamp.  Similarly  a  1,250  lbs.  stamp  with  an  8-in. 
fall  at  95  drops  per  minute  will  actually  require 
about  3^  h.p.  per  stamp.  The  total  power 
required  for  a  loo-head  mill  of  the  heaviest  type 
now  in  use  may  be  summed  up  as  follows  : — 

Stamps,  100  at  3i  h.p 325  h.p. 

Rock  breakers,  say  25  tons  per  hour    ...       30   „ 
Sundries,  say  15  „ 

Total  power  required 370  h.p. 

This  approximate  estimate  shows  the  im- 
portance of  the  fuel  consumption,  and  explains 
why  with  the  erection  of  large  and  heavy  mills 
so  much  more  attention  is  given  to  the  type  of 
engine  selected.  Whereas  formerly  a  single- 
cylinder  high  pressure  engine  was  considered 
good  enough,  the  practice  on  the  Rand  at  the 
present  time  is  to  provide  compound  condensing 
engines,  with  surface  condensers.  And  while 
coal  remains  at  20s.  per  ton  there  is  every  in- 
ducement to  engineers  to  introduce  all  apparatus 
which  may  tend  to  economy  in  the  consumption 
of  fuel.  In  Australia  for  many  years  firewood 
was  so  plentiful  that  little  attention  was  paid  to 
this  matter,  but  lately  the  supply  of  firewood  has 
become  exhausted  in  the  immediate  neighbour- 
hood of  the  older  goldfields,  and  it  has  to  be 
carried  constantly  increasing  distances,  so  that 
the  price  is  steadily  rising,  and  the  question  of 
economical  engines  will  probably  receive  more 
attention  from  mining  men. 
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ORE    80RTINa 

So  far  all  the  points  considered  have  related 
either  to  increase  of  tonnage  or  decrease  of  cost, 
but  anything  tending  to  enlarge  the  output  of 
gold  or  increase  the  profit  is  equally  important, 
and  therefore  the  question  of  ore  sorting  essen- 
tially belongs  tp  the  milling  problem. 

The  process  of  selection,  of  course,  begins  in 
the  mine,  and  is  of  necessity  carried  out  in 
every  mine  to  a  greater  or  less  extent.  If  the 
sampling  and  assaying  are  systematically  carried 
on  during  development,  the  average  value  of 
each  block  of  ore  opened  up  should  be  fairly 
well  ascertained  by  the  time  it  is  prepared  for 
stoping.  And,  as  a  matter  of  course,  everything 
which  will  not  pay  for  raising  and  treating 
should  be  left  behind,  and  the  payable  portions 
only  should  be  taken  out,  so  far  as  this  is  con- 
sistent with  the  methods  of  working.  But  when 
the  broken  ore  is  brought  to  the  surface,  there  is 
generally  some  country  rock  mixed  with  it,  and 
very  often  it  contains  many  lumps  of  ore  which, 
if  taken  separately,  will  not  pay  for  the  subse- 
quent processes.  The  problem,  then,  to  be 
considered  is  whether  it  is  profitable  to  sort  out 
the  less  valuable  pieces  before  milling,  and  to 
what  extent  this  should  be  done. 

For  the  purpose  of  this  discussion,  the  bulk 
of  the  broken  ore  may  be  divided  into  three 
classes  in  the  following  manner  : — 

1.  Ore  which  is  undoubtedly  payable  and 
about  which  nothing  further  need  be  said. 

2.  Ore  which  will  pay  for  all  current  charges, 
such  as  costs  of  labour  and  material  actually 
incurred  in  its  treatment,  but  not  for  the  whole 
of  the  fixed  charges,  such  as  redemption,  etc. 

3.  Ore  which  will  only  pay  for  part  of  the 
actual  treatment  costs. 

The  inclusion  of  the  second  class  in  the 
supply  to  the  mill  is  correct,  because  if  it  con- 
tributes anything  towards  the  fixed  charges  •  it 
relieves  the  rest  of  the  material  from  part 
of  such  charges,  and  causes  a  real  increase  in 
the  total  profit  from  the  mine  on  its  whole  life; 
although,  of  course,  a  larger  temporary  profit 
might  be  made  by  its  exclusion.  And  this  line 
of  reasoning  appears  10  offer  a  basis  for  genuine 
distinction  between  what  is  called  "  picking  the 
eyes  out  of  a  mine "  and  the  legitimate  selec- 
tion and  sorting  of  the  ore — namely,  that  any- 
thing which  is  done  to  increase  the  profits  for  a 
time  at  the  expense  of  net  total  profit  comes 


within  the  meaning  of  the  phrase  above  quoted, 
and  is  essentially  bad  policy.  In  estimating  the 
total  profit  of  a  mine,  due  consideration  must 
be  given,  not  only  to  the  interest  on  capital  sunk 
in  development  and  other  matters,  but  also  to 
the  earning  power  of  the  gold  itself  when 
extracted.  On  the  Witwatersrand,  where  the 
mines  have  to  such  a  great  extent  been  con- 
trolled by  men  of  great  financial  ability,  these 
considerations  have  been  fully  weighed,  and  the 
result,  as  shown  below  in  Table  II.,  is  that 
surface-sorting  has  been  very  properly  adopted 
in  many  mines  in  that  district. 

To  return  from  this  digression  to  the  third 
class  of  ore  given  above,  the  main  point  which 
determines  its  inclusion  or  rejection  is  whether 
the  actual  loss  in  current  expenses  caused  by 
its  treatment  is  less  or  more  than  the  cost  of 
picking  it  out. 

To  make  this  quite  clear,  the  following 
example  is  given,  in  which  the  figures  repre- 
sent the  actual  costs  on  the  Rand  of  the  various 
items  concerned  in  the  problem  : — 

s.   d. 

Rock- breaking,  per  ton o    4 

Transport  to  mill  o    4 

MilHng 2     9 

Cyaniding  (all  material)  ...     2  10 


Fixed  charges  per  ton 


6  3 
I     6 

7  9 


Cost  of  sorting  per  ton  of  ore  rejected,  2s.  6d. 

Then,  according  to  the  reasoning  already 
given,  class  I.  will  include  all  ore  which  yields 
more  than  7s.  gd.  per  ton.  Allowing  for  a 
total  extraction  of  88  per  cent,  from  the  best 
ore,  everything  over  the  value  of  2*2  dwts.  per 
ton  belongs  to  the  first  class. 

Calculating  in  the  same  way,  but  allowing 
only  80  .per  cent,  extraction  on  lower  grade 
material,  all  ore  over  1*95  dwts.  belongs  to  the 
second  class. 

DeaHng  now  with  the  third,  or  doubtful,  class, 
and  allowing  only  70  per  cent,  extraction  from 
this  lowest  grade,  the  limiting  value  between 
inclusion  and  rejection  may  be  arrived  at 
thus : — 

If  treated,  it  costs  ...     6s.  3d.  per  ton. 

If  wasted,  it  costs  ...     2s.  6d.       „ 


Therefore  net  cost  of  treatment  is  3s.  9d. 
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As  ore  containing  1*34  dwts.  will  at  70  per 
cent,  extraction  give  a  yield  of  3s.  9d.  per  ton, 
it  follows  that  it  is  profitable  to  sort  out  all 
material  below  this  value  and  to  retain  all  above 
it,  under  the  conditions  which  have  been 
assumed. 

To  avoid  misconception,  it  is  necessary  to 
point  out  that  in  the  selection  of  ore  in  the  mine 
before  stoping  a  much  higher  grade  than  this 
would  be  left  in  place,  because  then  the  cost  of 
raising  and  tramming  would  be  included  in  the 
current  working  costs.  The  above  figures  only 
relate  to  surface  sorting. 

THE    PRACTICE    OP    SORTING. 

Turning  now  from  the  economic  to  the 
practical  side  of  the  matter,  it  is  evident  that 
sorting  can  only  be  introduced  when  there  is 
some  readily  visible  difference  between  the 
richer  and  poorer  pieces  of  ore.  It  is  especially 
easy  when  the  gold  is  so  intimately  associated 
with  some  definite  mineral  in  the  ore  that  the 
value  of  the  stone  can  be  directly  inferred  from 
the  quantity  of  that  particular  mineral  which  is 


ore  remaining  upon  the  belt  or  table,  after  it  has 
passed  the  sorters,  is  delivered  to  the  rock 
breakers.  A  table,  25  ft.  in  diameter,  with  an 
annular  sorting  rim  not  exceeding  2  ft.  3  in.  in 
width,  is  suitable  when  the  sorters  stand  at  the 
outside  edge  only,  as  is  the  case  when  tlie 
apparatus  is  driven  from  a  central  vertical  shaft. 
This  size  is  sufficient  for  sorting  out  about 
20  per  cent,  of  waste  from,  say,  700  tons  of  ore 
daily.  The  cost  with  Kaffir  labour  and  white 
supervision  amounts  to  about  fourpence  per 
ton  of  ore  mined,  so  that  if  20  per  cent,  of 
the  total  is  sent  to  waste,  the  cost  works  out 
at  fivepence  per  ton  calculated  on  the  quantity 
milled,  or  at  is.  8d.  reckoned  on  the  tonnage 
sent  to  the  waste  dump.  At  16  per  cent,  of 
waste  the  figures  will  approximate  to  476  pence 
and  2s.  id.  respectively.  The  degree  to  which 
sorting  has  been  applied  may  be  realised  from 
the  following  table,  which  has  been  compiled 
partly  from  the  annual  reports  of  Mining  Com- 
panies, and  partly  from  data  in  the  condensed 
reports  published  in  the  South  African  Mining 
journal : — 


Name  of  Mine. 


Ferreira 

Meyer  and  Charlton 
New  Heriot 

Ferreira 

Crown  Reef 

Lancaster  West 
Robinson 


Period  over  which 
average  is  taken. 


Year. 


...1  3  months 

1896 

...  10   „ 

i8g7 

...  7   „ 

1897 

...  6   „ 

1897 

...  12   „ 

1897-8 

..  12   ., 

1898.9 

..     5     M 

18(^9 

..,  9h    » 

iH(^ 

Tons  mined  and 
hoibted. 


42,141 
111,099 

86,171 

92,022 
221,543 
239,413 

34770 
223,008 


Tons  after  sorting. 


28,911 

89,753 
64,290 
62,419 

185.17*) 

202,456 

31730 

1^5,035 


Percent;<ge  sent  to 
waste  dump. 


3139 
1214 

2551 

32  1 7 
16-41 

1553 

874 

2600 


Table  II.— Shouing  some  variations  with  regard  to  the  sorting  of  ore  before  milling,  as  practised  on  the  Witwatersrand  goldfields. 


present  in  each  piece.  On  the  Rand  the  banket 
conglomerate  is  the  valuable  material,  and  this 
can  be  easily  distinguished  from  pieces  of  the 
country  rock  when  the  ore  is  washed  on  the 
sorting  table. 

The  sorting  is  usually  effected  by  passing  the 
ore  as  raised  from  the  mine  on  to  a  travelling 
belt  or  a  revolving  circular  table,  where  a  jet  of 
water  plays  upon  it.  The  sorters  stand  along- 
side the  table,  and  pick  the  pieces  of  waste 
rock  from  the  continual  stream  of  mixed  mate- 
rial which  is  carried  slowly  past   them.     The 


As  some  of  the  Johannesburg  companies  have 
not  adopted  sorting,  the  total  variation  is  from 
32  per  cent,  to  zero  ;  and  doubtless  some  of  the 
differences  are  due  to  the  varying  thicknesses 
of  the  reef  and  to  the  value  of  the  ore.  But  it 
would  be  interesting  to  know  how  much  of  the 
variation  is  to  be  attributed  to  these  causes, 
how  much  to  differences  in  the  relation  between 
working  costs  and  fixed  charges,  and  also  how 
much  is  due  to  the  personal  opinions  of  the 
several  managers  upon  the  question  of  sorting. 
(To  be  conlimied.) 
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PROPERLY  arranged 

system  of  manufac- 
turing and  trading 
accounts,  in  addition 
to  showing  net  pro- 
fits, should  serve 
two  purposes  ;  first, 
it  should  provide 
figures  upon  which 
a  correct  judgment 
can  be  formed,  in 
preparing  estimates,  as  to  the  amount  to  be 
added  to  the  bare  cost  of  material  and  labour  to 
cover  standing  charges ;  and,  secondly,  it  should, 
by  giving  the  items  in  detail,  show  in  what 
direction  economy  may  be  sought. 


Standing  charges  may  be  conveniently  divided 
into  two  classes — External  Expenditure,  such  as 
advertising,  railway  carriage,  coal,  etc.,  for  which 
invoices  are  received  from  outside,  and  which 
are  comparatively  simple  to  deal  with  ;  and 
Internal  Expenditure,  such  as  repairs  and 
maintenance,  shop  expenses,  pattern  work,  etc., 
which  are  rather  more  difficult  to  deal  with. 

EXTERNAL  EXPENDITURE. 

Each  morning,  when  the  letters  are  opened, 
the  invoices  are  placed  in  heaps  and  handed  to 
the  invoice  clerk.  He  stamps  each  with  the 
stamp  (Form  No.  29),  and  gives  it  a  consecutive* 
number,  which  he,  at  the  same  time,  enters  in 
the  Invoice  Guard  Book  (Form  No.  74). 


INVOICE    GUARD    BOOK. 

Form  No.  74. 

d 
1     ^ 

Invoice. 

Gener,il 
Purchases. 

Advts., 
Circulars,  and 
Catal'^fjucs. 

n 

X 

re 

ii 
"re 

laxi-s. 

Books    ~ 
and 
Stationery. 

3^ 

Insurance. 

Unbooked 
Material. 

Capital 
Account. 

Repairs 
Account. 

"« 

1 

Brought  forward 

1 

i_ 

1 

i 

- 

- 

1 

_l 

- 

- 

- 

1 

1'     1 
1 

" 

1 
1  — 

1 
1 
1 

- 

- 

1 

l_ 
1 

- 

i 
J 

- 

- 

-1 
1 

- 

i 

~i 
1 

1 

- 

1 

- 

- 

1 

- 

1 

1 

- 

!      i 

'            1 
1 

J 

ii 
J 

'1 

I 

Catried  Jorward 

1 

1 

'i 
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STAMP  FOR  INVOICES. 

Form  Xo  29 


No 

Received  by 

Prices  Correct 

Casting  Out 

Our  Order  Xo 

PasseAby 

Capital  Account  . . . 
R.  and  M.  Account. 

Stock  Ledger 

Com.  Ledger 

Packint;  Dent 


The  invoices  then  go  to  the  storekeeper  to  be 
checked  against  the  goods,  and  on  their  return  to 
the  invoice  clerk  are  folded  up  and  pasted  in  the 
Guard  Book,  their  amounts  being  entered  in 
the  columns  fo  which  they  relate.  Thus,  if  the 
goods  are  for  manufacturing  purposes,  they  will 
be  entered  under  **  General  Purchases  ''  or  "  Un- 
booked Material,"  while,  if  they  form  an  item 
of  standing  charge,  they  will  be  entered  under 
that  particular  heading. 

It  will  be  noted  also  that  columns  are 
provided  for  the  amount  of  goods  purchased 
for  capital  account  and  for  repairs  and 
maintenance. 

If  it  is  considered  inadvisable  that  all  the 
items  of  standing  charge  should  be  known  to 
the  general  staff,  those  which  it  is  thought 
desirable  to  keep  private,  such  as  law  charges, 
patent  royalties,  etc.,  may  .be  posted  in  a  separate 
private  Guard  Book. 

BUILDINGS,     PLANT,    Jkc,    ACCOUNT. 

Form  Xo.  68. 
Capital  account  on  blue  cards. 
Repairs  account  on  buff  cards. 
Totals  of  repairs  on  white  cards. 


Page's  Magazine. 

In  addition  to  items  for  which  invoices  are 
received,  cash  payments  have  frequently  to  be 
made,  and  for  these  columns  should  be  provided 
in  the  Cash  Book  similar  to  those  in  the  Guard 
Book.  The  Guard  Book  and  Cash  Book 
columns  are  totalled  every  month  and  carried 
forward  to  Standing  Charges  (Form  No.  79). 

INTERNAL    EXPENDITURB. 

For  the  determination  of  internal  expenditure 
standing  order  numbers  which  have  the  prefix 
S.H.,  to  distinguish  them,  are  given  to  each 
part  of  the  buildings,  such  as  S.H.  i,  founda- 
tions and  walls  ;  S.H.  2,  drains  and  sanitary 
work  ;  S.H.  3,  roofs,  and  so  on  ;  and  to  the 
plant,  as  S.H.  21,  power  plant;  S.H.  22, 
line  shafts,  pulleys  and  bearings  ;  S.H.  23,  belt- 
ing, and  so  on. 

There  are  also  standing  numbers  for  labour- 
ing :  such  as  S.H.  loi,  sweeping  and  cleaning 
up  shop  ;  S.H.  102,  assisting  fitters  ;  S.H.  103, 
working  crane. 

All  material  supplied  out  of  stores,  and  all 
labour  executed  on  buildings  or  plant,  is  booked 
in  the  usual  way  in  the  Stores  Day  Books  and 
Time  Cards  respectively,  and  from  them  to 
the  Buildings  Account  or  Plant  Account  Cards 
(Form  No.  68). 

For  each  order  number  two  accounts  are 
kept,  one  being  headed  "  Capital  Account,"  and 
the  other  "  Repairs  and  Maintenance";  and,  in 
order  that  they  may  be  distinguished  easily, 
they  are  kept  on  cards  of  different  colour — say 
blue  for  capital  account,  and  buff  for  repairs. 

In  order  to  prevent  reckless  expenditure, 
each     foreman     should    enter    on    a    weekly 


Date. 


Description. 


I  External  Purchases.         |  Internal  Expenditure, 

j    Ci.B.  :^    I     s.     '     d.  P-^     \\         Material. 


I 

Labour.  | 


I 


£  s.        d.    ,      A         s.        d 
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Requisition  Note  (Form  No.  53)  whatever 
additions,  repairs,  or  renewals  he  requires  for 
the  buildings  or  plant  under  his  charge. 

When  authorising  the  different  items,  the 
manager  marks  on  the  note  whether  the  cost 
shall  be  booked  to  capital  or  repairs,  being 
guided  by  the  principle  that  expenditure  which 
increases  dividend-earning  capacity  shall  be 
booked  to  capital  and  all  other  to  repairs. 


drawer,  being  distinguished  from  the  others  by 
being  white.  The  totals  from  these  again  are 
posted  to  the  Standing  Charges  Account,  (Form 
No.  79). 

The  "  gieneral  labouring "  items  are  posted 
from  the  Time  Cards  into  "General  Labour- 
ing," the  columns  of  which  are  totalled  and 
carried  forward  into  standing  charges  each 
month. 


PLANT    REQUISITION    NOTE. 

Form  No.  53. 

This  Requisition  Note  is  for  additions,  renewals,  and  repairs  to  the  buildinjjs  and  shop  plant,  whether  the  same  are  to  be  obtained  from 
outside  firm^  or  made  in  the  shop.  This  note  to  be  made  out  every  Wednesday  and  handed  into  the  Chief  Engineer's  Office  on  Thursday 
mominf;. 

AU  addiUons,  repairs,  and  renewals  must  be  entered  on  the  Requisition  Note.  Urgent  repairs  must  be  executed  at  once,  but  all  others  must 
wait  the  authorisation  of  the  Manager. 

For. 

DescripUon. 

Addition, 
Repair,  or 
Renewal. 

Quantity. 

Probable 
Cosi. 

From. 

1                    Authorised. 

1 

Remarks. 

Order  No. 

Date. 

Signed. 

In  addition  to  the  items  posted  from  the 
Stores  Day  Book  and  Time  Cards,  the  items 
from  the  "  capital "  and  **  repairs  "  columns  in 
the  Guard  Book  and  Cash  Book  must  also  be 
posted  to  the  buildings  and  plant  accounts. 

Each  month  the  buildings  and  plant  repairs 
are  carried  forward  into  a  summary,  the  ruHngs 
of  which  are  the  same  as  Form  No.  68,  and 
which  may  be  kept  at  the  back  end  of  the  card 


MANUPACTURINQ    ACCOUNTS. 

(Not  Pubushed.) 

MATERIALS. 

BOOKED  Materials— 

Stock  at  last  stock-taking,  including  cost  of  material  in 

finished  stores  and  work  in  hand  

General  Purchases 


Present  Stock,  including  cost  of  material  in  finished 
stores  and  work  in  hand 


;635.ooo 
65.000 

£100,000 

:g32,ooo 
£68.000 


•TANDINQ  CHARQKS. 

Form  No.  79. 

Ref. 

Ucbcription. 

January. 

February.                  | 

March. 

Items. 

Totals. 

Items. 

Tota's. 

Items. 

ToUls. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

s. 

a. 

£ 

s. 

d. 

£ 

s. 

d. 

£ 

s. 

d. 
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^  t  \\    t    »•  -IK-  ^    .  M5  K.k>.     M.itcn.ils 

*^.»pit.U.         Repairs, 
o  ^   .  iv'i  if>T  3*^7 

MTJ  645'     •Discrepancy         A57 

I   ,      ,',.kt,.ki.^  i^3.5oo 

P  ,.,.  •-  4««» 

^"7.500 
y,    -c  >t  M,..  U  2,200 

M  ,U'ru*i  t  sfd  £>^<x> 

H.XVV.  I  M.aoul  Afo.ooo 

I  ,1  .  wa  .  5300 

IM.    .^..u.v  57 

.t'>5.357 
In  ,.,l,i\»,»lini;.    the  percentJi;e  to  be  added  to  net  c«)st  of  niaterial  = 

/"^»"'    -  ,  j  ^  u^,    .(percent. 

1  ,l>*.Mr  (-ei'  tnrwardj  bo<'kcd  on  customers' 

,,.1.,.  ;^37.50o 

'ii  .u.iiiii;  ^  Uavcv^  .1-  Uken  from  published 

,»,.. I, t  uiid  ..-*->  ucc'.unt        3*^000 

;g75.5oo 
In  f^l.ntal.nu,  the  percent jge   to  be  added  tt>  uei  cost  of  labour- 
,'    '"     ,  I  X  ..jc  =  ic:-5  per  cent. 

'     *"  L.\BOUR. 

KiNi'^MiD  S:r*.K  -ULorvT— 

i^.st  '.»    .ih.ur-a  hnt^hcd  "!.t.x.k  at  last  stock -takniiJ. 
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PATTBRNS. 

The  writer  considers  that  the  best  way  to 
deal  with  patterns  is  to  book  all  new  patterns 
to  capital  account,  writing  off  depreciation  at 
each  stock-taking  to  an  extent  depending  on  the 
class  of  work  being  done. 

For  each  size  of  machine  (or  engine,  eta,  as 
the  case  may  be)  manufactured,  a  separate 
pattern  account  is  kept,  the  ruling  of  which  is 
the  same  as  Form  No.  68,  two  accounts  being 
kept  on  cards  of  different  colours,  one  for  capital 
and  the  other  for  repairs  and  renewals,  the  system 
being  the  same  as  for  buildings  and  shop  plant 

Packing  case  accounts  are  arranged  in  the 
same  way  as  the  pattern  account,  and  the  cases 
are  also  numbered  so  that  they  can  be  followed 
up  and  identified. 

STANDING    CHARQKS.    PORM    NO.     79u 

Reverting  now  to  Ihis  book  we  see  that  all  the 
items  which  go  to  make  up  the  standing  charges 
for  one  year  appear  on  one  page,  and  can  be 
totalled  in  two  directions. 

Horizontally  we  obtain  the  total  of  each  item 
for  the  year,  and  vertically  we  obtain  the  total 
of  the  items  for  each  month. 

PROFIT    AND    LOSS    ACCOUNT. 

In  cases  where  the  accounts  have  to  be  pub- 
lished, such  as  in  that  of  limited  companies,  it 
is  usual,  in  order  to  avoid  giving  away  informa- 
tion which  would  be  \*aluable  to  competitors, 
to  divide  this  account  into  a  "  Manufacturing 
Account,**  which  is  kept  private,  and  a  **  Profit 
and  Loss  Account,*'  which  is  published. 

The  annexed  example  shows  how  the  per- 
centages to  l>e  added  to  prime  cost  of  materials 
and  labour  are  ascertained. 
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FRANK  HIX  FAYANT. 

This  Article,  by  the  Special  Correspondent  of  a  leading  New  York  journal,  sets 

forth  from  an  American  standpoint  the  advantages  of  a  Transatlantic    training 

for  engineering  students,  and  shows  how  this  is  to  be  obtained. 


TF  one  needed  proof  of  the  value  of  American 
^  training  for  English  engineering  students,  it 
would  be  scarcely  necessary  to  cross  the 
Atlantic  for  the  purpose.  But  to  examine  the 
system  and  the  methods  employed  it  is  desirable 
to  visit  some  of  the  Eastern  industrial  towns  of 
America — Pittsburg,  Altoona,  Cincinnati,  Cleve- 
land, Philadelphia,  Schenectady  or  Wilmington, 
—where,  because  of  their  alertness  of  mhid, 
young  Englishmen  are  especially  welcome. 

In  the  works  of  a  great  American  Electric 
Company,  recently,  there  were  four  hundred 
graduates  of  the  leading  engineering  schools  of 
the  world  ;  many  of  them,  the  sons  of  rich  men, 
working  for  1.25  dols.  a  day.  Nearly  a  score 
of  foreign  countries  were  represented  among 
these  student  workers,  the  British  contingent 
being  the  largest.  Young  men  from  Birmingham, 
Manchester,  Leeds,  Newcastle,  Sheffield  and 
other  industrial  towns  were  there,  absorbing 
Western  ideas  to  be  brought  back  to  engineer- 
ing establishments  at  home.  American  manu- 
facturers welcome  these  young  men  from  rival 
commercial  nations,  because  they  believe  that, 
while  they  are  training  brains  for  foreign  com- 
petitors, they  are  widening  American  markets 
by  the  diffusion  of* American  ideas. 

HOW    TO    START. 

The  young  Englishman  who  wants  the  best 
engineering  education  should  go  to  America 
when  he  leaves  the  public  school,  and  enter  the 


Freshman  class  of  one  of  the  engineering  uni- 
versities—Sibley  College,  Cornell  University, 
Ithaca,  New  York  ;  the  Massachusetts  Institute 
of  Technology,  Boston ;  the  University  of 
Michigan,  Ann  Arbor ;  Lehigh  University,  South 
Bethlehem,  Pennsylvania  ;  the  School  of  Mines, 
Columbia  University,  New  York ;  Rensselaer 
Polytechnic  Institute,  Troy,  New  York ;  the 
Sheffield  Scientific  School,  Yale  University,  New 
Haven,  Connecticut.  The  register  of  any  of 
these  institutions  can  be  had  by  writing  the 
college  secretary.  Among  the  four  hundred 
American  colleges  there  are  scores  of  institu- 
tions giving  more  or  less  attention  to  engineer- 
ing, but  the  seven  named  provide  the  most 
complete  courses.  Cornell  and  the  Massachusetts 
Institute  of  Technology  take  first  rank.  The 
director  of  Sibley  College  is  Dr.  Robert  H. 
Thurston,  the  Nestor  of  the  higher  engineering 
education  in  America,  and  one  of  the  world's 
leading  authorities  on  the  steam  engine.  "  I  am 
from  Cornell ''  is  the  open  sesame  to  many 
great  engineering  establishments. 

PRELIMINARY   QUALIPICATIONS. 

The  "  entrance  requirements "  of  the  en- 
gineering schools  have  reached  a  higher  plane 
year  by  year.  No  young  man  should  think  of 
choosing  an  engineering  career  who  is  not  fond 
of  mathematics.  To  enter  a  freshman  class  in 
engineering  the  candidate  must  have,  as  part 
of  his  secondary  school   training,  a  thorough 
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knowledge  of  arithmetic,  elementary  algebra, 
plane  and  solid  geometry,  plane  and  spherical 
trigonometry,  and  higher  algebra.  Too  much 
emphasis  cannot  be  laid  on  the  necessity  for 
original  work  in  mathematical  problems.  The 
best  possible  preparation  is  furnished  by  English 
text  books.  No  inadequately  prepared  student 
can  hope  to  follow  the  pace  set  in  American 
engineering  schools.  Dr.  Thurston  finds  that 
two-thirds  of  the  Sibley  Freshmen  fail  to  com- 
plete the  four  years'  course.  Specimen  entrance 
examination  papers  may  be  had  from  any  of  the 
institutions  named.  It  would  be  advisable  for 
an  English  candidate  to  take  the  June  examina- 
tions and  then  spend  the  summer  in  a  university 
summer  school  preparing  for  the  September 
examinations. 

UNDKRQRADUATK'S    COURSK. 

The  thoroughness  of  the  American  training 
may  be  judged  from  an  outline  of  the  work  at 
Cornell.  The  undergraduate  spends  four  years 
in  lecture-room,  laboratory,  and  shop  work, 
studying  for  the  degree  of  mechanical  engineer 
or  electrical  engineer,  and  in  his  upper-class 
years  he  has  opportunity  to  specialise  in  the 
particular  department  he  chooses  for  his  life 
work — steam  engineering,  electrical  engineering, 
mining  engineering,  railway  mechanical  en- 
gineering, or  marine  engineering.  Dr.  Thurston 
strongly  urges  young  men  to  gain  a  broad 
general  education  before  specialising.  In  the 
course  of  a  recent  interview  Dr.  Thurston  re- 
marked that  no  young  man  should  attempt  to  enter 
the  profession  of  engineering  because  it  seemed 
to  him  the  current  fad.  "  To  succeed,  he  must 
have  natural  talent  for  construction,  natural 
ability  in  the  fields  of  mathematical  and  physical 
science,  and  that  vigour,  pluck,  endurance,  and 
good  sense,  without  which  no  man  can  succeed 
in  any  profession,  old  or  new.  He  must  have  a 
practical  as  well  as  a  theoretical  imaginative 
side  ;  he  will  need  a  good  general  education,  and 
a  very  complete  and  specialised  professional 
training,  including  the  arts  as  well  as  the  sciences 
of  his  department.  Above  all  else,  if  he  would 
attain  the  highest  success,  he  must  be  a  strong 
man,  an  honest  man,  and  a  gentleman.  A 
real  engineer's  novitiate  in  the  professional 
school,  in  the  office,  and  in  the  workshop 
furnishes  the  highest  possible  guarantee  of 
success." 


PRACTICAL    INSTRUCTICN. 

Throughout  the  four  years'  course  the  en- 
gineering student  works  nine  hours  a  week  in 
the  college  shops,  where  he  receives  practical 
instruction  in  the  use  of  tools  and  in  the  funda- 
mental arts  which  form  the  basis  of  his  after- 
work  in  mechanical  or  electrical  engineering. 
In  the  wood-working  shop  he  acquires  skill  in 
the  construction  of  patterns.  These  he  takes 
later  into  the  foundry,  where  he  becomes  adept 
at  moulding  and  making  castings  from  iron  and 
brass.  His  work  in  the  smithy,  the  next  step  in 
shopwork,  is  not  complete  until  he  has  made  for 
himself  a  set  of  tools  to  be  used  in  the  machine 
shop.  Finally,  in  the  machine  shop  he  fashions 
complete  machines  with  his  own  tools  from 
castings  he  has  made  from  his  own  patterns. 
While  Cornell  is  in  no  sense  a  "technical 
school,"  and  "  manual  training "  is  foreign  to 
its  aim,  some  of  the  practical  work  done  by  the 
students  would  do  credit  to  the  best  engineering 
works.  Specimens  of  the  students'  work  noticed 
by  the  writer  included  various  machine  tools,  a 
duplex  pump,  the  pioneer  "  straight-line  engine," 
and  a  lOo- horse-power  triple-expansion  engine. 

LABORATCRY    WCRK. 

Supplementing  the  instruction  given  in  class- 
room and  lecture-room  by  several  score  pro- 
fessors and  assistants  is  the  highly  important 
work  of  investigation  and  scientific  research 
carried  on  in  the  finely  equipped  laboratories. 
The  work  of  the  electrical  engineering  labora- 
tory is  known  to  every  electrician  in  America, 
while  the  mechanical  laboratories,  possessing 
an  equipment  unequalled  in  any  engineering 
works,  are  of  inestimable  value  to  the  engineer- 
ing profession.  They  include  special  labora- 
tories for  the  investigation  of  the  following 
subjects : — 

(a)  Strength  of  materials ; 

(6)  Hydraulics  and  hydraulic  motors ; 

(c)  Friction  and  lubrification  ; 

{d)  Transmission  of  power,  dynamometers ; 

(e)  Steam  engines,  hot  air  and  gas  engines  ; 

(/)  Air-compressing  machinery,  rock-drills ; 

ig)  Heating  and  ventilating  machinery; 

(//)  Elevators  and  mining  machinery. 

The  new  hydraulic  laboratory,  built  against 
the  rock  wall  of  Fall  Creek  gorge,  below  the 
Sibley  shops,  is  the  most  elaborately  equipped 
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building  of  its  kind  in  the  world.  Similarly, 
the  laboratory  of  strength  of  materials  is  known 
to  the  engineering  profession  all  over  America. 
It  is  equipped  with  a  large  number  of  the  newest 
testing  machines,  ranging  in  capacity  from 
300,000  lbs.  This  laboratory  is  constantly  made 
use  of  by  manufacturers  who  desire  to  have 
materials  tested,  and  the  students  benefit  greatly 
by  this  practical  work.  Cornell  students, 
especially  seniors  and  graduates,  are  frequently 
asked  to  make  tests  of  power  and  electric 
stations,  street  railways,  and  new  machines,  and 
no  student  can  take  his  degree  without  having 
done  original  research  of  an  exhaustive  nature 
in  some  specialised  field.  Dr.  Thurston  tells 
the  students  that  their  engineering  careers  begin 
in  the  university,  and  that  no  student  should 
expect  to  receive  the  University's  degree  who 
is  not  an  engineer  by  experience  as  well  as  by 
training  at  the  end  of  his  course. 

AN   IDKAL  CURRICULUM. 

Dr.  Thurston  has  several  times  been  called  by 
the  Government  as  an  expert  on  engineering 
education.  His  views  on  the  subject  of  en- 
gineering curriculum  are  interesting  and  to  the 
point : — 

Educational  work  has  no  proper  place  in  the  curriculum 
of  the  professional  school.  That  should  be  done,  and 
completely,  in  advance.  Such  literature  and  such 
languages,  only,  fall  into  the  scheme,  properly  and 
naturally,  as  contribute  to  the  engineer's  technical  and 
professional  stores.  A  complete  line  of  advanced  mathe- 
matics, pure  and  applied  ;  as  much  of  the  physical  science 
of  the  time  as  constitutes  a  part  of  the  fundamental  basis 
of  his  professional  training  ;  instruction  and  training  by 
practice  in  the  art  of  the  draughtsman  and  in  the 
mechanical  and  industrial  arts ;  applications  of  mathe- 
matics and  the  sciences  in  machine  design,  and  in  the 
computation  of  the  probable  efficiency  and  performance 
of  the  machines  and  apparatus  of  manufactures  ;  and, 
finally,  the  methods  of  determination,  by  experiment,  with 
ever}'  scientific  aid,  of  the  value  of  such  machinery  in  its 
actual  use,  and  still  higher  applications  of  scientific 
method  to  the  prosecution  of  original  investigations  of 
engineering  problems  and  of  research,  looking  to  the 
acquirement  of  new  and  useful  facts  and  principles  in 
science  and  in  every  department  of  his  work — these  are 
the  purposes  and  the  proper  field  of  the  professional 
school  of  the  engineer. 

DOLUIR..A-DAV   POSITIONS  DURING   VAOATIONS. 

Undergraduates  are  encouraged,  during  the 
long  vacations,  to  put  on  working-men's  garb 
and  take  dollar-a-day  positions  as  machinists' 


helpers  in  engineering  works.  It  is  no  un- 
common thing  to  see  the  sons  of  railway 
presidents,  ironmasters  or  shipbuilders,  at  work, 
begrimed  with  dirt  and  grease,  alongside  of 
moulders  or  machinists.  The  young  men  who 
are  to  be  the  future  American  captains  of 
industry  thus  acquire  practical  training,  and  at 
the  same  time  come  closer  into  touch  with  the 
common  soldiers  of  the  industrial  army. 

INSPSOTION  TOURS. 

The  inspection  tolirs  to  industrial  centres  are 
likewise  a  feature  of  the  practical  instruction. 
This  spring,  at  Cornell,  the  writer  saw  forty 
engineering  students  leave  for  Western  Pennsyl- 
vania, under  the  guidance  of  the  head  of  the 
School  of  Railway  Mechanical  Engineering, 
who  gave  a  continuous  field  lecture.  The  embryo 
engineers  inspected  the  great  electric  power 
plant  at  Niagara  Falls,  and  its  dependent 
industries  ;  the  blast  furnaces,  open-hearth 
furnaces,  Bessemer  steel  works,  iron  and  steel 
rolling  mills,  and  the  electric,  air-brake,  and 
engine  works  of  the  Pittsburg  region  ;  the  rail- 
way repair  shopS|  and  locomotive  shops  of 
Dunkirk  and  Altoona ;  railway  roadbed  con- 
struction in  the  mountains  ;  and  a  bituminous 
coal  mine  near  the  Horseshoe  Curve.  Managers 
and  works  superintendents  were  subjected  to  a 
fire  of  questions. 

STUDKNTS'    COST    OP    LIVING. 

Students  at  the  American  universities  live 
either  in  college  houses  or  in  private  homes  in 
the  university  towns.  The  cost  of  living  varies 
with  the  individual  tastes  of  the  student. 
Rooms  and.  board  may  be  had  for  from  one  to 
two  pounds  a  week ;  text-books  and  materials 
cost  from  five  to  ten  pounds  a  year  ;  the  charge 
for  tuition  varies,  in  different  universities,  from 
nine  to  forty  pounds  a  year,  the  Massa- 
chusetts Institute  of  Technology  and  the 
Rensselaer  Polytechnic  Institute  having  a  rate 
of  200  dols.  Many  Cornell  students  have  gone 
through  on  ;^ioo  per  annum.  On  j^iso  or  j^20o 
a  year  a  young  man  can  get  along  comfortably^ 
but  I  do  not  think  one  American  student  in  fifty 
spends  j^200  a  year.  All  of  the  universities 
give  scholarships  and  prizes,  and  there  are 
many  ways  in  which  an  ambitious  student  can 
cut  down  his  expenses.  The  university  registers 
all  give  detailed  information  on  these  points. 
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ACTIVK  WORK  AND  PROSPKOTa 

The  four  years'  course  completed,  the  en- 
gineering student  plunges  at  once  into  active 
work,  accepting  any  salary,  however  small, 
which  will  give  him  a  foothold  with  an  impor- 
tant company.  A  few  years  ago  the  profession- 
ally-trained young  engineer  had  difficulty  in 
finding  employment,  but  now  that  university 
training  has  been  made  so  intensely  practical, 
the  demand  for  university  graduates  actually 
exceeds  the  supply.  Positions  for  suitable  men 
are  available  in  steel  mills,  electric  works,  loco- 
motive shops,  shipyards,  power  stations,  etc., 
many  producing  salaries  of  from  ;^250  to 
;^5oo  a  year,  with  opportunities  for  rapid 
advancement. 

AN    ALTKRNATIVK    PLAN. 

Graduates  of  English  universities  or  technical 
schools,  who  do  not  choose  to  take  an  American 
engineering  university  course,  can  enter  the 
'*  student  department"  of  one  of  the  great 
engineering  works.  If,  for  example,  the  young 
Englishman  intends  to  follow  electrical  engineer- 
ing, one  of  the  places  to  go  to  is  the  General 
Electric  Company  at  Schenectady,  New  York, 
where  there  are  more  than  400  graduates  of  the 
world's  leading  engineering  schools.  This  is 
one  of  the  principal  homes  of  the  electric 
industry,  10,000  men  being  employed  making 
electrical  machinery  for  all  parts  of  the  world. 
Every  summer  more  than  150  young  university 
graduates  enter  these  shops,  put  on  **  overalls'* 
and  begin  work  in  the  testing  department  at 
12^  cents,  an  hour.  Under  the  leadership  of 
experienced  electrical  engineers,  the  students 
receive  instruction  in  the  various  departments 
of  the  vast  works. 

Directly  a  man  shows  evidence  of  worth,  his 
wages  are  increased,  and  opportunity  is  afforded 
him  of  going  ahead  as  fast  as  he  will  push 
himself.  Bright  men  are  picked  out,  and  to 
them  are  offered  positions  of  responsibility  in 
the  works,  in  other  shops  of  the  company,  and 
on  outside  construction  work.  Many  of  the 
men  strike  out  for  themselves  and  obtain 
positions  with  other  manufacturing  companies, 
electric  power  and  street  railway  companies.  If 
they  have  ability  they  experience  no  trouble  in 
finding  renumerative  employment.  Many  of  the 
foreign  students  return  to  introduce  American 
ideas  at  home.     At  the  works  this  year  there 


were  fifty  men  from  Cornell,  forty  from  the 
Massachusetts  Institute  of  Technology,  and 
representatives  of  more  than  a  hundred  other 
institutions,  including  nearly  every  well-known 
engineering  school  of  England,  France  and 
Germany. 

For  the  student  who  wishes  to  adopt  a  railway 
career,  either  as  a  railway  mechanical  engineer 
or  an  operating  official,  the  Pennsylvania  Rail- 
road offers  a  course  of  instruction  for  students 
at  its  great  shops  at  Altoona.  When  the  writer 
was  last  in  Altoona  there  were  seventeen  young 
men  taking  the  special  course,  and  it  is  interest- 
ing to  catalogue  them.  They  were  :  a  Japanese 
prince,  a  graduate  of  the  Imperial  University  of 
Tokio ;  an  English  public  school  boy ;  two 
Harvard  University  men,  one  a  son  of  the 
late  president  of  the  Pennsylvania  Railroad, 
the  other  the  son  of  a  millionaire  dock 
owner;  two  Princeton  University  men,  one 
the  son  of  a  Pennsylvania  official,  the  other  the 
son  of  a  United  States  Senator  ;  four  Cornell 
graduates,  one  the  son  of  a  millionaire  silk 
maker,  another  the  son  of  a  railway  official,  the 
third  the  son  of  Philadelphia's  leading  publisher, 
the  fourth  the  son  of  a  New  York  lawyer  ;  a 
student  of  Massachusetts  Institute  of  Technology, 
whose  father  is  a  Judge  ;  two  Yale  University 
men,  one  from  Purdue  University,  and  another 
from  the  University  of  Pennsylvania. 

The  Altoona  course,  in  its  entirety,  extends 
over  four  years,  and  includes  work  in  the  erecting 
shop  (six  months),  the  lathe  shop  (six  months), 
the  vise  shop  (three  months),  the  air-brake 
shop  (two  months),  the  blacksmith's  shop  (two 
months),  the  iron  foundry  (two  months),  the 
boiler  shop  (two  months),  the  freight  car  and 
passenger  coach  shops  (six  months)  with 
**  wrecking  crew "  practice,  the  round  house 
(four  months).  After  the  student  has  "fired" 
an  engine  on  the  road,  he  spends  two  months 
in  the  shop  clerks'  office,  two  months  in  the 
motive  power  clerks*  office,  five  months  in  the 
test  room,  and  finally  three  months  in  the 
drawing  room.  This  is  perhaps  the  most 
rigorous  course  in  America.  In  its  thoroughness 
it  is  characteristic  of  the  management  of  a 
railway  which  last  year  showed  gross  earnings  of 
;^40,ooo,ooo— a  system  which  owns  enough 
rolling  stock  to  fill  five  tracks  between  London 
and  Liverpool. 
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A  WELL-KNOWN  steamship  company  re- 
-^  cently  advertised  for  a  superintendent 
engineer  ;  the  advertisement  appeared  for  one 
week,  and  there  were  four  hundred  and  seventy- 
five  applicants. 

In  contrast  with  this  may  be  cited  the  fact 
that  practically  continuous  advertisement  by  the 
Admiralty  for  engineer  officers,  accompanied 
by  a  lowering  of  the  standard,  has  for  a  long 
time  past  yielded  such  inadequate  and  unsatis- 
factory results  that,  unless  prompt  measures  be 
taken  to  deal  with  the  vital  question  affecting 
the  engineering  personnel,  the  fighting  efficiency 
of  the  Fleet  will  be  very  seriously  impaired. 

Engineer  officers  in  H.M.  Navy  are  at  present 
recruited  from  the  following  sources  :  — 

1.  The  Royal  Naval  Engineering  College  at 

Keyham,  Devonport. 

2.  By  examination  for  *•  Direct  Entry." 

3.  By  examination    for   **  Temporary  Ser- 

vice." 

It  was  apparently  the  original  intention  of 
the  Admiralty  to  produce  the  same  homogeneity 
amongst  engineer  officers  trained  at  Keyham  as 
exists  in  the  case  of  executive  officers  trained 
on  the  Britannia  ;  but,  as  the  real  importance  of 
the  engineer  personnel  has  never  been  appre- 
ciated by  the  executive  officers  at  the  Admiralty, 
Keyham  College  has  been  allowed  to  drift  into 
such  a  very  unsatisfactory  condition  that,  whilst 
in  1898  there  were  six  apphcants  for  every 
vacancy,  in  1901  there  were  only  two.  It  is 
true  that  in  the  present  year  there  has  been  a 
slight  increase,  but  the  value  of  the  apparent 
improvement  is  indicated  by  the  fact  that  four 


School  Board  boys  entered  at  Portsmouth  and 
passed  the  examination.  One  failed  medically, 
and  the  remaining  three  refused  to  accept 
appointments  ;  it  subsequently  transpiring  that 
they  had  competed  merely  for  educational 
practice,  and  with  no  intention  whatever  of 
entering  the  Navy.  This  year  thirty-three 
candidates  were  accepted  for  Keyham,  but  no 
less  than  73  per  cent,  were  drawn  from  the 
agricultural  counties  of  Devon,  Hants,  Kent, 
Surrey,  Dorset,  Lincoln,  Herts,  and  Somerset. 
There  was  not  one  candidate  from  the  great 
marine  engineering  centres  on  the  Clyde  or  the 
North-East  Coast,  whence  the  best  supply  should 
naturally  flow. 

This  anomaly  is,  no  doubt,  accounted  for  by 
the  deterring  influence  of  the  more  intimate 
knowledge  pervading  *  marine  engineering 
circles  regarding  the  disadvantageous  con- 
ditions of  service  in  the  engineer  branch  of 
H.M.  Navy. 

In  order  to  meet  the  great  scarcity  of  candi- 
dates for  Keyham  College,  the  Admiralty,  some 
time  ago,  issued  a  circular  to  the  head  masters 
of  schools,  urging  them  to  send  up  boys  for  the 
engineering  examination,  but  at  the  Conference 
of  Head  Masters  held  at  the  Guildhall,  London, 
under  the  presidency  of  Dr.  Jas.  Gow,  of  West- 
minster School,  the  Head  Masters'  Association 
decided  that  they  could  not  advise  parents  to 
embark  their  sons  on  so  unsatisfactory  a  career 
as  that  offered  by  the  engineer  branch  of  the 
Navy,  under  existing  conditions. 

The  supply  from  Keyham  being  inadequate, 
the  Admiralty  next  introduced  a  system  by 
which    young  engineers,    who   have    received 
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theoretical  training  in  any  of  the  technical 
colleges  of  this  country,  and  practical  training 
in  any  large  engineering  works,  can  compete  by 
examination  for  "  direct  entry  "  into  H.M.  Navy 
as  engineer  officers.  This  system  has  also  failed, 
as,  at  the  examination  held  last  month  through- 
out the  United  Kingdom,  only  six  candidates 
presented  themselves,  three  of  whom  passed 
with  a  low  percentage  of  marks,  and  it  is  a  re- 
grettable f^ct  that  not  one  application  was 
received  from  the  Durham  College  of  Science 
at  Newcasde,  notwithstanding  its  chair  of 
engineering,  excellent  engineering  laboratory, 
and  unsurpassed  facilities  for  marine  engineer- 
ing education  and  training.  The  system  of 
"  direct  entry  "  having  thus  hopelessly  failed, 
the  Admiralty  decided  to  lower  the  standard  of 
educational  and  practical  requirements,  and 
admit  officers  for  so-called  "  temporary  service.*' 
Although  there  was  liberal  advertisement,  the 
result  has  been  a  complete  fiasco,  as  no  candi- 
dates presented  themselves  at  the  January  ex- 
amination, and  only  two  in  March,  one  of  whom 
was  accepted. 

The  Admiralty,  however,  are  never  at  a  loss 
for  ineffectual  and  risky  expedients  when  dealing 
with  the  engineer  personnel,  and  the  next  step 
was  to  issue  an  order  transferring  engineering 
duties,  in  connection  with  hydraulic,  pneumatic^ 
and  electric  appliances  on  H.M.  ships,  from 
engineer  officers  to  executive  officers,  and 
requesting  the  captains  of  the  Vernon  and 
Excellent^  together  with  the  chief  inspector  of 
machinery  at  Portsmolith  Dockyard,  to  consider 
and  report  upon  the  methods  best  calculated  to 
facilitate  the  adoption  of  the  change,  including 
the  necessary  courses  of  instruction.  The 
captains  drew  up  a  scheme  of  technical  and 
practical  training,  embracing,  amongst  others, 
the  following  items  : — 

Specifications  for  materials.  Working  draw- 
ings. Approximate  estimate  of  the  time  and 
cost  of  each  operation  for  the  finished  article. 
Different  metals  for  different  parts.  File  work. 
Filing  round  and  square  holes.  Chisels.  Using 
hammer  and  chisel.  Tools.  Tempers.  Forging. 
Lathes.  Cutting  internal  and  external  threads 
by  hand  and  with  machine.  Drilling.  Tapping. 
Soldering.  Brazing.  Burning  pieces  on  a 
casting.  Making  rivets.  Bushing  holes.  Put- 
ting on  patches.  Making  steel  and  bronze  nuts, 
electrical  terminals  and  contact  pieces.    Follow- 


ing from  start  to  finish  every  operation  in  con- 
aection  with  Whitehead  torpedo.  Testing 
fractures,  patterns,  material  used,  where  pro- 
cured, and  price. 

HOW    TO    BKOOMK    AN    KNQINUR    IN 
168    HOUR8. 

Any  engineer  knows  that  this  course  would, 
in  accordance  with  the  ordinary  accepted 
methods,  involve  from  five  to  six  years  of  ver>' 
hard  work.  Yet  the  captains  of  the  Vernon  and 
Excellent  fixed  the  duration  of  the  training  at 
one  month  I  Allowing  twenty-eight  working 
days  at  six  hours  a  day,  the  total  training  would 
occupy  but  i68  hours.  How  to  become  an 
engineer  in  i68  hours?  The  proposition  is 
so  absolutely  farcical,  that  one  would  dismiss 
it  with  a  smile  were  it  not  for  the  knowledge 
that  the  gravest  issues  are  involved  in  these 
nonsensical  proposals,  and  that  their  translation 
into  practice  would  sap  the  actual  realisable 
fighting  efficiency  of  every  ship  in  the  fleet. 

The  only  value  of  the  report  apparently  lies 
in  the  fact  that  it  affords  convincing  evidence 
that  the  executive  officers  who  submitted  it 
cannot  lay  claim  to  the  possession  of  even 
elementary  engineering  knowledge  and  ex- 
perience, and  it  is  this  non-appreciation  of  en- 
gineering prevailing  amongst  executive  officers 
of  even  the  highest  ranks  which  renders  the 
question  of  tl^ere  being  no  engineer  officer  on 
the  Board  of  Admiralty  one  of  national  import- 
ance. 

The  chief  inspector  of  machinery  at  Ports- 
mouth Dockyard  refused  to  endorse  this 
scheme. 

The  present  position  is  that,  even  on  the 
attenuated  and  inadequate  Admiralty  basis, 
there  is  a  shortage  of  fifty-one  engineer  officers, 
and  this  shortage  will  undoubtedly  increase 
until  the  Admiralty  decide  to  place  engineer 
officers  in  H.M.  Navy  on  the  same  basis  as 
executive  officers  in  respect  of  rank,  pay,  pro- 
motions, pensions,  honours,  etc. 

THK    PflMKNT    UNSATISFACTORY   OONDITIOM. 

It  is  obvious  that  engineers  of  education  and 
experience  will  continue  to  refuse  to  enter  the 
Navy  as  civilian  officers  with  no  military  status. 
It  should  also  be  recognised  by  those  who 
control  the  destinies  of  the  Navy  that  engineer- 
ing is  a  profession,  and  that,  in  view  of  the 
immense  issues  involved  in  the  maintenance  oi 
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the  mechanical  efficiency  of  our  floating  fighting 
machines,  engineer  officers  in  H.M.  Navy  should 
be  gentlemen  of  the  highest  technical  apd 
practical  attainments.  Admirals  of  the  old 
school,  with  no  knowledge  whatever  of  pro- 
fessional engineering,  who  in  public  venture  to 
compare  engineer  officers  to  "  Lascars  with  oil 
cans,"  refer  to  them  in  the  press  as  "  a  scratch 
collection  of  the  residuum  of  the  engineering 
profession,"  and  avail  themselves  of  every  other 
opportunity  for  depreciating  and  snubbing 
them,  have  contributed  not  a  little  to  the 
present  deplorable  state  of  affairs,  and  it  needs 
the  strong  hand  of  resolute  statesmanship  to 
overcome  the  intense  traditional  prejudice 
against  engineer  officers  which  is  still  promoted 
by  many  executive  officers  at  every  available 
opportunity. 

There  is  no  engineer  officer  on  the  Board  of 
Admiralty ;  engineer  officers  cannot  sit  on 
Courts  Martial ;  their  signatures  to  their  own 
reports  are  suppressed,  and  although  there  are 
officers  from  the  executive,  paymaster,  and 
marine  branches  attached  to  the  Naval  Intelli- 
gence Department,  there  is  no  engineer  officer. 
A  well-known  captain  (R.N.),  in  writing  to  the 
press  some  time  ago,  exactly  •  expressed  the 
feeling  entertained  towards  the  engineer  branch 
by  executive  officers,  when  he  referred  to  it  as 
the/*  alien  profession  "  "  in  the  service  but  not  of 
it,"  and  this  studiously  cultivated  feeling  of 
disdain  is  intensified  by  the  action  of  the 
Admiralty  in  persistently  lowering  the  standard 
in  their  anxiety  to  obtain  engineer  officers  with- 
out increasing  the  attractions  of  the  engineer 
branch. 


LOWKRIi 
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Unfortunately,  the  practice  of  lowering  the 
standard  of  entry  has  already  been  so  extensively 
adopted  from  time  to  time  that  its  accumulative 
effect  has  at  last  appreciably  diminished  the 
homogeneity  and  average  efficiency  of  the  entire 
engineer  personnel  afloat. 

Warships  which  were  formerly  in  charge  of 
officers  of  chief  engineer  rank  are  now  in 
charge  of  junior  officers,  whose  increased  re- 
sponsibilities are  not  compensated  for .  by 
accelerated  promotion,  and  many  ships  having 
engines  up  to  4,500  i.h.p.,  with  Belleville  and 
other  water-tut>e  boilers  —  which  admittedly 
require  highly  skilled  and  experienced  attention 


— carry  no  commissioned  engineer  officer,  but 
are  in  charge  of  an  artificer  engineer. 

The  whole  tendency  of  modem  education  is 
to  raise  standards  in  all  professions,  and  with 
the  immense  and  rapid  developments  in 
mechanical  science  as  applied  to  naval  war- 
fare, the  lowering  of  the  standard  of  engineer 
officers  is  a  highly  dangerous  expedient  . 

In  view  of  the  existing  similarity  between  the 
earlier  education  and  training  of  executive 
officers  on  the  Britannia  at  Dartmouth,  and 
engineer  officers  at  Keyham  College,  Devon- 
port,  and  the  tendency  towards  a  yet  closer 
similarity  created  by  the  growing  importance  of 
scientific  education  for  executive  officers,  a 
scheme  for  their  common  entry  to  the  Britannia 
for  joint  early  training  in  naval  discipline, 
mathematics,  chemistry,  physics,  etc.,  ,would 
commend  itself  as  being  likely  to  result  in 
efficiency  and  popularity. 

Those  destined  to  become  engineer  officers 
would  be  subsequently  transferred  to  Keyham 
for  a*  thorough  course  of  practical  training  in 
the  dockyard,  and  a  further  training  in  applied 
science  by  lectures  in  the  college. 

Reforms,  sufficiently  radical  and  compre- 
hensive to  be  successful,  are  to  be  looked  for 
only  in  the  direction  of  either  the  scheme 
proposed  by  the  North-East  Coast  Institution 
of  Engineers  and  Shipbuilders,  or  the  new 
personnel  system  of  amalgamation  of  the 
executive  and  engineer  branches  adopted  in  the 
United  States  Navy,  plus  the  compulsory  perform- 
ance by  each  officer^  under  definite  regulations,  of 
engine-room  duties  during  an  adequate  proportion 
of  his  whole  term  of  service. 

The  pivot  point,  however,  of  this  and  kindred 
questions  is  human  nature,  and  the  partial 
failure  of  the  new  personnel  system  in  the 
United  States  Navy  is,  in  a  great  measure, 
attributable  to  the  fact  that  ofiicers  have  not 
been  compelled  by  regulation  to  undertake  a 
definite  share  of  engine-room  duties.  The 
majority  have,  therefore,  very  naturally  chosen 
to  perform  deck  duties  in  preference  to  the 
relatively  harder  and  less  agreeable  work  in  the 
engine-room,  thus  completely  perverting  the 
whole  spirit  and  intention  of  Admiral  Melville's 
scheme,  which,  had  it  either  left  less  to  the 
spirit  and  vohtion  of  officers,  or  been  complied 
with  by  the  latter  in  good  faith,  would,  un- 
doubtedly, have  resulted  in  greater  success.. 
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LONDON,  20th  August,  1902. 
It  is  a  curious  fact  that  orders 
for  ships  are  usually  few  and  far 
between  in  the  height  of  summer. 
Whatever  be  the  reason,  the  period  between 
May  or  June  and  August  is  what  may  be  called 
the  ^*  dead  season  "  in  the  shipbuilding  world. 
But  by  about  the  middle  of  August  if  there  is 
going  to  be  any  revival  in  demand  it  should  be 
then  apparent,  for  contracting  is  usually  most 
active  between  August  and  November.  The 
output  also  for  July  is  generally  a  small  one 
because  of  holidays.  In  Scotland,  for  instance, 
our  largest  shipbuilding  centre,  the  Glasgow 
Fair  holidays  take  a  good  half  out  of  the  work- 
ing month,  because  even  after  the  men  resume 
they  are  *>soft  "  and  lazy  for  another  week  or 
so.  There  is,  therefore,  not  much  for  us  to 
record  here  of  the  month  just  left  behind  us  as 
these  lines  go  to  press.  There  has  also  been  a 
lull  in  the  stream  of  sensational  stories  about 
possible  or  impossible  Combines.  The  latest 
achievement  seems  to  be  that  of  Sir  Christopher 
Furness,  who,  with  Morganatic  appetite,  is 
credited  with  having  absorbed  the  Gulf  Line 
(of  Greenock)  with  a  capital  of  ;^25o,ooo.  With 
the  very'  meagre  details  that  are  at  present 
available  it  would  be  premature  to  speak  too 
positively  about  the  new  Canadian  subsidised 
line  of  steamers  which  is  to  run  direct  from 
Canada  to  South  Africa.  The  statement  at 
present  made  is  that  the  Canadian  Govern- 
ment has  arranged  to  pay  a  subsidy  of  ;^30,ooo, 
and  the  British  Government  a  subsidy  of 
;^i5,ooo  a  year,  to  a  combination  of  the  Allan, 
Wilson-Furness,  and  Elder-Dempster  lines, 
which  undertake  to  run  a  monthly  service  of 
freight  and  passenger  boats  between  Canada 
and  South  Africa. 

According     to     the    quarterly 

Quarterly       statistics  of  Lloyd*s  Register  it 
Shipbuilding  ^,    ^      "^      ,     ,. 

Return.         appears    that,    excluding    wor- 
ships, there  werie  406  vessels  of 
1,129,582  tons  gross  under  construction   in  the 
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United  Kingdom  at  the  close  of  the  quarter 
ended  June  30th,  1902.  The  particulars  are  as 
follows,  with  figures  for  the  corresponding 
period  in  1901 : — 

June  30U1.  I902.  June  30th  1901. 

Description.  Gross  Gross 

Steaun.  No.        Tonnage.  ,     No.  Tonnage. 

steel       379    ..     1,107.605    ..    40^    ..     1.287,366 

Iron        I..  200..        a..  380 

Wood  and  Composite  x     . .  160    . .        2    . .  72 

Total      ..     ..    381  i,io7.'/>5    ..     413    ..     1.287.818 

Sail. 

Steel       12  ..  20428  ..  15  ..         10948 

Iron        —  ..  —  ..  —                — 

Wood  and  Composite       ..  13  ..  1.189  ..  13  ••           Y>4i3 

Total      ....      25    ..         21.617    ..      28    ..         12.361 

Total  Steam  and  Sail        ..    406    ..     1.129.582    ..    441    ..    1,300,179 

The  present  returns  show  a  reduction  in  the 
tonnage  under  construction  of  about  111,000 
tons  as  compared  with  the  figures  for  the  pre- 
ceding quarter,  and  of  about  284,000  tons  as 
compared  with  the  high  total  of  September, 
1901. 

Lloyd's  figures  only  include  vessels  over  100 
tons  each,  and  the  following  table  gives  the 
number  and  tonnage  of  merchant  vesseb  (ex- 
cluding warships)  now  under  construction  in 
some  of  the  principal  shipbuilding  districts  of 
the  country  as  compared  with  those  for  the 
same  period  last  year.  Each  district  includes 
all  places  in  the  neighbourhood  of  the  port 
after  which  it  is  named  : — 

June  30th.  1902.       June  3otb.  ic/3i. 
Gtoss  Gros". 

District.  No.       Tonnage.        No.      Toncage. 

„  ,,    ,  I  Steam    21     ..  i8.'\75*     ••     21     ..  190.071 

f  Sail  ..    —    ..       —        ..     —    ..       — 

Total     ..     ..     21     ..  1^.752     ••     21     ..  190  071 

Barrow.  Marj-port  and  f  Steam      8     ..     25.5^^5    ..      4     ..     11.350 
Workington       ..     ..\Sail..       i     ..         150     ..       3     ••         45^ 

Total     ..     ..       9     ..     25.715     ..       7     ..     ii.8o3 

•Glasgow  l^"*"     ^       •   ^30 '.^'       .    79     -.   240.651 

^^*^  *Sail..       8     ..     13.603     ..      6     ..       4,014 

Total     ..     ..     87     ..  244.334     •.     85     ..244665 

•Greenock  /Steam    42     ..   i39.o*<o     ..     52     ..   156.610 
\  Sail  . .       2     . .      4.220     . .       2     . .      5.645 

Total    ..     ..     44     ..  143.300     ..     54     ..  162.255 
Hartlepool  and  Whitby l^"*"    ^    -    ^^^^^    ...    24     -.    91.^30 

Total    ..     ..     14     ..    64.163     ..     24     ..    91.230 

Middlesbomugh      and    TSteam    24     ..     69.353     ..     30     ..  112.275 
Stockton      ISail..    —    ..        —        ..     —    ..        — 

Total    ..     ..     24     ..     6^,353     --     $0     ■•   112.275 

•  Glasgow  and  Greenock  figures  include  those  for  the  Forth,  Tay, 
and  Dee. 
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June  30th.  1902.  Jane  30th.  1901. 
Gross  Groes 

District  Xo.       Tonnage.  Xa      Tonnage. 

NewcasUe  TSteam    74    ..  192488    ••  83     ••  265.806 

ISaU..    —    ..        —       ..  —    ..        — 

Total    ..     ..    74  192.  »88  83        265,806 

Sunderiand  T Steam    42    ..  155058    ..    50    ..  i7«.549 

•     "ISail..     —    ..       -        ..    —    ..        — 

Total    ..     ..    42     ..  155.058     ..    50    ..  173.549 

The   following  is  a    statement 

Wmf^Ds.  ^^  *^^  ^'^^  vesseb  which  are  at 
present  under  construction.  It 
has  been  assumed  that  a  vessel  may  be  re- 
garded as  "under  construction"  from  the 
commencement  of  the  laying  of  her  keel  to  the 
time  when  she  is  ready  for  her  steam  trials.  Of 
course,  when  this  latter  stage  is  reached,  the 
guns  have  usually  still  to  be  placed  on  board, 
and  the  vessel  to  be  fitted  out  before  she  is 
ready  to  be  commissioned,  but  she  is,  neverthe- 
less, structurally  complete : — 

Displace- 
ment. 
Nationality.  Description.  Number.         Tons. 

;^  1st  class  battleships 8      ..      121,050 

I  1st  class  armoured  cruisers     ..     15      ..      153,200 

I  2nd  class  protected  cruisers    . .      2      . .        11,760 

g^y^  /  3rd  class  protected  cruisers  i       ..  3,000 

"  \  Moops 4      ..  4,280 

Torpedo4x>at  destroyers..     ..12      ..  4.550 

I  Torpedo4x>ats     5      ..  950 

V  Submarine  boats 5      ..  not  stated. 

Total 52  398,790 

r  Armoured  vessels      2      . .        23,600 

*!lutS  *^  "^  1  **^^'^  *^^*^  *    ••     ^"^ 

"  V Torpedo  l>oatdestro3ers..     ..      2  750 

Total 5      ..        28.350 

British  and  Foreign  total..     ..  "57      ..      327.140 

During  the  fiscal  year,   which 

Tear's  ShiplmUding  ended     on     June     30th,     1,657 

uoiud  sutas.    vessels  of  473,9^^  gross  tons  were 

built  in  the  United  States  and 
officially  numbered,  compared  with  1,709  vesseb 
of  489,616  tons  in  the  previous  fiscal  year.  The 
decrease  is  in  sailing  vesseb  and  canal  boats, 
barges,  etc.  This  year's  new  sail  tonnage  is 
101,072  tons;  last  year's  was  128,099  tons. 
This  year's  new  canal  boats,  barges,  etc.,  aggre- 
gate 57,502  tons ;  last  year's  reached  88,331  tons. 
New  steel  steamers  aggregate  275479  tons, 
compared  with  235,265  tons  last  year.  Included 
in  the  total  new  tonnage  are  94  vessels  each  of 
over  1,000  tons,  aggregating  315,062  tons,  or 
two-thirds  of  the  output.  Of  this  construction 
41  steel  steamers  of  158,631  tons  were  built  on 
the  Great  Lakes.     The  Lakes  have  built  for 
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ocean  trade  two  West  India  fruit  steamers  of 
1,820  tons  each,  one  cargo  steamer  of  2,182  tons, 
and  two  large  cargo  steamers  of  5,270  tons  each 
cut  in  two  to  pass  the  Canadian  canals.  The 
output  of  completed  steel  steamers  on  the  sea- 
board has  been  much  below  the  indications  of 
last  July.  The  launching  of  nearly  every  large 
steamer  has  been  delayed  from  three  to  eight 
months,  and  some  which  by  this  time  were 
to  have  been  in  operation  are  still  on  the  ways. 
The  delays  have  been  partly  due  to  the  steel 
strike  last  summer,  to  the  great  demand  for 
structural  steel  in  all  directions,  to  low  ocean 
freights,  and  to  the  lack  of  new  shipbuilding 
orders,  which  has  left  builders  and  owners 
without  motive  for  haste.  Last  July  255,000 
tons  of  ocean  steel  steamers  were  under  con- 
struction or  under  contract,  while  at  present 
only  about  160,000  tons  are  under  construction, 
and  no  new  large  seaboard  contracts  are 
reported. 

The  Navy  Boiler  Committee 
The  BoUer  which  was  appointed  on  Sep- 
tember  6th,  1900,  evidently  con- 
sider that  their  work  might  very  well  be 
continued,  as  they  seem  unable  to  fix  definitely 
upon  a  type  of  boiler  which  will  serve  all 
purposes,  and  yet  be  durable.  There  is,  how- 
ever, about  their  last  report  more  of  definiteness 
than  characterised  the  preceding  one.  The 
advantages  of  water  tube  boilers  for  naval 
purposes  are  so  great,  chiefly  from  a  military 
point  of  view,  that  providing  a  satisfactory  type 
can  be  adopted,  it  would  be  more  suitable  for 
use  in  the  Navy  than  the  cylindrical  type  ;  but 
the  Committee  are  pronounced  in  their  opinion 
that  the  Belleville  boiler  has  no  such  advantage 
over  other  types  as  to  lead  them  to  recognise 
that  as  the  best  type  to  be  adopted  in  the  Navy* 

At  the  same  time,  they  fully 
^^B^ulirr"*  recognise  that  the  BelleviUe 
boiler,  when  new  and  in  sound 
condition,  is  a  good  steam  generator,  but  its 
rapid  loss  of  efficiency  in  ordinary  work  in 
commissioned  ships,  the  serious  character  of 
the  defects  which  have  been  developed  in  it, 
and  the  great  care  required  in  its  manipulation 
render   it,  in  the   opinion   of  the   Committee, 


undesirable*,  to  fit  any  more  of  this  type  in  H.\f . 
Navy.  To  obtain  satisfactory  results  in  working 
these  boilers  in  the  face  of  the  disadvantages 
named,  more  than  ordinary  experience  and  skill 
are  required  on  the  part  of  the  working  stafif . 
The  Committee  find  that  serious  defects  in  the 
boiler  casing  hzve  made  their  appearance  in 
several  instances,  and  have  rendered  the  vessels 
in  which  they  occurred  unserviceable  for  long 
periods.  Elaborate  details  of  repairs  indicate 
a  very  wide  variation  in  the  extent  of  defects, 
not  only  in  the  boilers  but  in  the  casings, 
and  this  notable  feature  has  led  to  the  con- 
clusion that  many  of  these  defects  are  not 
inherent  to  the  system  but  rather  to  the 
manufacture  or  to  the  supervision  given  on 
board. 

The  Committee,  in  dwelling 
Beiievine  Defects,  upon  the  defects,  name  several 

which  are,  however,  inherent 
to  the  Belleville  boiler  system.  These  include 
the  corrosive  decay  of  the  baffles  in  the  steam 
collectors,  and  of  generator  and  economise  r 
tubes.  This  has  now  been  greatly  reduced  by 
the  use  of  lime  and  zinc,  but  great  care  has 
to  be  taken  to  prevent  choking  of  the  water 
gauge  connections  in  consequence  of  the  free 
use  of  the  lime.  The  next  is  the  rapid  wear  of 
the  working  parts  of  the  automatic  feed  appa- 
ratus and  the  non-return  valves  in  the  down-take 
pipes.  The  third  is  the  melting  of  fusible  plugs 
owing  to  uncertain  circulation  ;  the  fourth,  the 
deposit  in  the  tubes  about  the  water-line,  but 
specially  in  the  wing  elements,  due  to  impure 
feed-water  and  involving  failure  of  the  tube ; 
and  the  fifth,  and  last,  is  the  excessive  expendi- 
ture of  coal  and  of  fresh  water  for  boiler-feed 
make-up,  as  compared  with  vessels  fitted  with 
cylindrical  boilers. 

The  Committee  point  out  that, 
Requipements.  as  compared  with  the  cylin- 
drical boiler,  satisfactory  water- 
tube  boilers  should  possess  the  following 
advantages  :  Less  delay  in  steam  raising  ;  less 
liability  to  damage  if  the  boiler  be  struck  by  a 
projectile  ;  greater  ease  of  repair  and  renewal 
of  parts  ;  less  weight  for  the  power  generated, 
considering  the  weight  of  the  boiler  installation 
only  ;  ability  to  carry  a  higher  steam  pressure  ; 
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and  larger  fire-grate  area  for  the  same  floor 
area,  with  consequent  less  forcing  for  full 
power.  These  advantages  are  possessed  to 
a  considerable  extent  by  the  Belleville  boiler, 
and  on  the  competitive  trials  of  the  Hyacinth 
and  Minerva^  the  Belleville  boilers  proved 
more  efficient  as  regards  evaporation  than 
the  cylindrical  boilers  as  originally  fitted, 
but  after  the  retarders  were  fitted  in  the 
latter  the  efiiciencies  were  nearly  equal.  The 
long  runs  to  Gibraltar  and  back  also  proved  that 
in  several  respects,  notably  in  the  loss  of  feed 
water  and  in  economy  of  coal  consumption,  as 
well  as  in  immunity  from  accident  during 
ordinary  working,  the  cylindrical  boilers  were 
considerably  superior  to  the  Belleville. 


The  Committee  are  still  of  the 
^"bSIS*^  opinion  that  the  Babcock  and 
Wilcox,  Niclausse,  Durr,  and 
Yarrow  large  tube  boiler,  all  of  which  are  of  the 
straight  tube  type,  merit,  as  proposed  in  their 
first  report,  extensive  trial  in  the  Navy.  These 
types  have  few  of  the  disadvantages  of  the 
Belleville  boiler  with  most  of  its  advantages. 
They  all  have  **  drowned  "  tubes,  and  the  water 
level,  as  shown  by  the  gauges,  is  practically 
the  level  of  the  water  in  the  boiler  ;  they  do  not 
require  a  much  higher  pressure  to  be  maintained 
in  the  feed  pumps  than  in  the  boilers,  nor  in  the 
boilers  than  at  the  engines ;  the  use  of  auto- 
matic feed  regulators  of  an  extremely  delicate 
type  is  not  necessary ;  the  circulation  is  fairly 
well  defined,  and  is  much  freer  than  in  the 
Belleville.  From  such  experience  and  evidence 
as  the  Committee  have  had  before  them 
the  loss  of  water  will  be  much  less  than  with  the 
Belleville;  and,  finally,  these  boilers  appear  to  be 
much  more  likely  than  the  Belleville  to  be  free 
from  accident  under  ordinary  conditions  of 
service.  The  Babcock  and  Wilcox  boilers  in 
the  Wilson  Liner  Martello  made  91,000  miles 
running  in  fourteen  months,  with  less  than  a 
week  in  port  at  the  end  of  each  Atlantic  run, 
and  the  only  repairs  required  had  been  those  of 
the  ordinary  upkeep  of  any  boiler,  while  only 
six  tubes  required  renewal.  Similarly  satis- 
factory results  are  noted  in  connection  with 
other  merchant  ships,  and  the  same  type 
of  boilers    in    H.M.S.    Sheldrake   were    found 


in  good  condition  and  had  given  little  trouble. 
As  regards  the  Niclausse  boiler,  the  only 
expression  of  opinion  is  that  those  in  H.M.S. 
Seagull  are  several  years  old,  and  have  proved 
generally  satisfactory.  As  to  the  Yarrow  boiler, 
it  is  anticipated  that  the  use  of  tubes  of  i|  in. 
in  diameter  will  be  more  efficient  and  will 
give  better  results  than  the  small  tubes. 
Two  methods  of  heating  the  air  have 
been  fitted  in  connection  with  Yarrow  boilers 
in  the  Dutch  and  Austrian  navies,  one  by  means 
of  tubes  in  the  up-take,  and  the  other  by  fitting 
an  outer  casing  completely  over  the  boiler  and 
the  up-take,  and  passing  the  air-supply  through 
the  space  so  formed. 

From  the  evidence  it  appears 
Reeommendatlons.  that     no      type    of    water-tube 

boiler  at  present  in  use  is  on 
general  service  so  economical  as  the  cylindrical 
boiler,  and  that  a  large  percentage  of  the  coal 
used  is  expended  for  auxiliary  purposes  in  har- 
bour. Until  a  thoroughly  satisfactory  type  of 
water-tube  boiler  is  obtained,  the  Committee 
recommend  that  in  large  cruisers  and  battleships 
cylindrical  boilers  of  sufficient  power  to  work 
the  auxiliary  machinery,  and  to  drive  the  ship 
at  her  ordinary  cruising  speed,  should  be 
fitted,  the  steam  pressure  being  the  same  for 
the  water-tube  and  cylindrical  boilers — 210  lbs. 
per  square  inch — so  as  to  give  200  lbs.  at  the 
engines.  By  this  means  considerable  saving  in 
coal  will  be  effected.  The  water-tube  boilers 
could,  when  not  in  use,  be  kept  clean  and 
perfectly  efficient  for  driving  the  ship  at  high 
speeds  when  economy  of  coal  relatively  is  not  so 
important.  The  cylindrical  boilers  should  be 
fitted  with  retarders  in  the  tubes,  and  with  special 
means  for  circulating  the  water  while  raising 
steam.  The  Committee  recommend  that  retarders 
should  be  fitted  in  the  tubes  of  all  cylindrical 
boilers,  believing  that  they  will  render  existing 
boilers  more  efficient  and  more  economical  than 
at  present  The  former  recommendation  of  the 
Committee  to  fit  a  combination  of  cylindrical 
and  water-tube  boilers  has  been  carried  out  in 
the  case  not  only  of  one  of  the  battleships  of  the 
King  Edward  class,  but  also  in  the  cruisers  of  the 
Devonshire  class,  the  four  types  of  water- 
tube    boilers      recommended — Babcock     and 
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Wilcox,  Niclausse,   Diirr,  and  Yarrow —being 
utilised. 


Small  Tube, 
BoHers. 


Altogether,  the  Committee  con- 
sidered thirty- six  boilers,  out  of 
which  they  made  their  selec- 
tion of  four,  leaving  the  others  for  future 
consideration.  As  to  the  small  tube  boilers, 
they  pronounced  the  opinion  that  they  are  un- 
suitable for  vessels  above  the  size  of  third-class 
cruisers  ;  but  Mr.  List,  one  of  the  members  of 
the  Committee,  thinks  the  Thorneycroft-Shultz  is 
adapted  for  use  in  combination  with  cylindrical 
boilers,  provided  the  tubes  are  not  less  than 
1 1  in.  external  diameter,  and  of  a  given  thick- 
ness ;  that  the  curvature  of  the  tubes  is  such 
that  a  flexible  cutter  can  be  passed  through 
them  for  the  removal  of  scale ;  that  the  arrange- 
ment of  the  tubes  is  such  that  there  will  only  be 
a  small  percentage  of  discharge  from  the  tubes 
above  the  water  line;  and  that  there  are  no 
air  locks  in  them  when  the  boiler  is  filled 
right  up. 

One  of  the  most  important  rail- 
S'the^iTOyi.  way  announcements  of  the  month 

was  that  made  by  the  Chairman 
of  the  North-Eastem  Railway  at  their  recent 
half-yearly  meeting.  Ih  consequence  of  the 
increasing  competition  of  electric  tramways  the 
Board  has  decided  as  an  experiment  to  equip 
37  miles  of  standard  gauge  line  with  electric 
traction.  The  section  between  Newcastle, 
Tynemouth,  and  Whitley  Bay  will  probably  be 
the  first  to  receive  attention.  There  are  rumours 
that  several  of  the  other  leading  railways  are 
contemplating  similar  decisions,  and  it  seems 
probable  that  electric  traction  will  soon  be  in 
vogue  on  some  of  the  suburban  lines  of  the 
London  and  South -Western  Railway.  Another 
gratifying  sign  is  that  greater  attention  is  now 
being  paid  to  automatic  signalling  devices. 
The  South- Western  Company  has  quite  recently 
installed  on  its  main  line  between  Andover  and 
Grateley  a  series  of  automatic  signals,  controlling 
five  consecutive  block  sections,  and  in  addition 
to  this  enterprise  we  learn  that  the  North- 
Eastem  Company  are  contemplating  installing 
on  their  main  line  near  York  the  "  Hall"  electro- 
automatic  track  signals  which  are  in  extensive 
operation  in  the  United  States. 


The    Americanisation     of    the 

The  Coming      passenger  department,  which  is 
Amerloanlsatton   '^        .  **     .  ,  .     r  .. 

of  the  Goods  and  now  m  evidence  on  most  of  the 

■■*n^^'>;P*«^-  British  lines,  will,  in  all  proba- 
bility, be  followed  by  a  similar 
development  in  the  mineral  and  goods  depart- 
ments. Several  of  the  companies  are  adopting 
— if  somewhat  cautiously — the  large  steel 
waggons  of  from  30  to  50  tons  capacity,  which 
have  been  the  subject  of  experiment  for  some 
time,  and  they  at  last  appear  to  have  realised  the 
importance  of  reducing  the  dead  load  propor- 
tion of  their  present  rolling  stock.  As  an  illus- 
tration of  the  considerable  numbers  of-  these 
cars  employed  by  oiu*  competitors,  it  is  instruc- 
tive to  note  that  whereas  there  are  not  probable 
more  than  80  to  100  in  the  whole  of  Great 
Britain,  the  Pennsylvania  Railroad  a  week  or 
two  ago  placed  an  order  with  a  single  firm  in 
Pittsburg  for  12,000  pressed  steel  cars  of  various 
types,  each  of  50  tons  capacity. 

In  the  interesting  paper  read  on 

LocomoUva      July  30th  before  the  Institute  of 
Piston  Valves.    \ir     u      -     t    t^      -  u      \# 

Mechanical  Engineers   by  Mr. 

Walter  M.  Smith,  M.Inst.C.E.,  of  the  Noith- 
Eastern  Locomotive  Department,  the  author 
describes  the  form  of  piston  valve  which  he 
invented  andintroduMk!"in  1887,  prior  to  which 
period  piston  valves  had  been  experimentally 
tried,  only  to  be  discarded.  It  may  be  gathered 
from  his  paper  that  he  kept  mainly  in  view  the 
following  objects  :  (i)  More  efficient  distribu- 
tion of  steam ;  (2)  reduction  in  coal  consump- 
tion ;  (3)  diminution  in  the  amount  of  power 
absorbed  by  friction  in  the  valves  and  valve 
motion  ;  (4)  utilisation  in  actual  efficient  work 
of  the  power  thus  saved  ;  (5)  reduction  in  cost 
of  repairs  and  in  time  occupied  in  repairs^ 
owing  to  the  simplicity  of  the  general  arrange- 
ment of  cylinders  and  valve  motion ;  (6)  lessened 
cost  of  construction;  (7)  free  release  of  water 
trapped  in  cylinders  and  consequent  diminution 
of  priming.  These  are,  of  course,  points  of 
much  importance.  It  is  most  desirable  to 
reduce  coal  consumption  and  repairs-cost 
where  possible,  but  not  at  the  cost  of  diminished 
efficiency.  Mr.  Smith  claims  that  his  valves, 
while  saving  expense  in  coal  and  repairs,  are 
not  subject  to  this  drawback.     With  regard  to 
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lowered  coal  consumption,  his  figures  certainly 
show  valuable  results,  a  saving  of  9*1  per  cent, 
and  13*3  per  cent,  respectively  being  recorded 
as  shown  by  the  first  goods  engine  and  express 
engine  fitted  with  his  valves.  Moreover,  Mr. 
Smith  states  that  the  wear  is  so  very  small  as 
to  be  almost  inappreciable;  thus  his  valves  lessen 
the  cost  of  upkeep  by  rendering  less  frequent 
the  need  of  renewal.  It  is  mentioned  that 
North-Eastern  engine  No.  2,011,  the  first  of  a 
new  four-coupled  type  which  came  out  in  1899 
and  was  fitted  with  these  valves,  had  run 
^39»543  miles  up  to  the  end  of  the  year  1901, 
without  any  appreciable  wear  in  the  valves  or 
valve-gear  being  discernible.  Theoretically, 
without  doubt,  the  advantages  of  piston-valves 
are  great,  and  in  the  instances  cited  by  Mr. 
Smith  they  appear  to  have  been  realised  in 
actual  practice.  But  a  further  and  more 
extended  use  of  the  method  would  seem  to  be 
desirable  before  any  definitive  opinion  can  be 
expressed  as  to  the  superiority  over  other  valve 
systems  which  is  claimed  for  them.  It  may  be 
admitted,  however,  that  hitherto  the  weight  of 
evidence  based  upon  experience — so  far  as 
precise  results  have  been  formulated— appa- 
rently goes  in  their  favour. 

There    are    abundant  anticipa- 

Si'^.^T      ^^^^  o^   a    "boom"    on    the 
DlfBonlty  In 
South  AfHca.     Rand,  but  no  trtistworthy  signs 

of  it.  On  the  contrary,  the 
lack  of  one  of  the  essential  elements 
presents  an  almost  unsolvable  problem.  In 
June,  1899,  ^h^  mines  of  the  Witwatersrand 
were  employing  97,800  natives,  and  it  was 
estimated  that  another  15,000  were  required  to 
bring  the  force  to  its  full  complement.  In 
addition  to  those  natives  actually  employed  at 
the  mines,  there  are  great  numbers  employed  at 
Johannesburg  and  on  the  Rand  as  house-boys, 
drivers,  cooks,  and  in  other  domestic  work. 
The  number  of  these  may  be  estimated  at  about 
30,000,  and  there  will  be  quite  another  30,000 
employed  on  mines  in  mining  towns  outside  of 
the  Rand  ;  so  that  the  mining  industry  of  the 
Transvaal  may  be  calculated  to  give  employ- 
ment to  a  grand  total  of  over  150,000  natives. 
The  demand  is  now  estimated  at  upwards  of 
200,000. 


What  is  the  situation  to-day? 

The  Number  of    The    returns     of    the     Native 
Natives  at  present  _    ,  01  *  •  x- 

Available.        Labour      Supply      Association 

show  that  up  to  June  30th 
42,800  natives  had  been  recruited  by  it,  and 
42,060  distributed  to  the  mines.  This  is  so  much 
below  the  actual  requirements  that  a  great  many 
gloomy  predictions  are  being  made,  and  the 
impatience  of  the  mining  public  is  undoubtedly 
increasing.  The  staff  of  the  Association  are, 
however,  not  discouraged,  but  are  sanguine  that 
from  the  present  month  the  supply  should  com- 
mence to  reach  a  monthly  total  of  7,000,  enlarging 
-gradually  to  10,000  by  December  next.  Accept- 
ing even  these  figures,  it  is  apparent  that  some 
considerable  time  must  elapse  before  the 
quantity  of  men  available  reaches  the  200,000  the 
mine  owners  think  they  will  require.  The  white 
skilled  miners  are  also  regarding  with  great 
suspicion  the  offer  of  some  of  the  mining  com- 
panies, to  unemployed  whites,  of  five  shillings  a 
day,  with  shelter  and  rations,  for  a  ten  hours 
day — six  on  Saturdays.  This  they  think  is  the 
thin  end  of  the  wedge  for  a  reduction  of  miners* 
wages  all  round. 

A  point  much  neglected,  but 
jinking  Pumps.       of  considerable  importance 

in  mining  operations,  has 
been  recently  considered  at  a  meeting  of 
engineers  at  Leicester  ;  that  is,  the  employment 
of  a  proper  pump  in  sinking  operations.  At 
this  meeting  well-sinking  was  under  considera- 
tion, but  the  question  becomes  far  more  urgent 
when  the  more  serious  operation  of  shaft-sinking 
is  in  contemplation.  The  usual  plan  is  to  buy 
the  cheapest  pump,  whether  it  be  suitable  or 
not,  and  as  a  rule  the  result  is  deplorable 
owing  to  the  various  parts  of  the  apparatus 
giving  way  in  course  of  work.  But  it  was 
shown  that,  provided  due  care  is  observed, 
pumping  operations  can  be  carried  on  with 
ease  and  expedition  without  any  of  the 
troubles  incident  to  the  practice  just  men- 
tioned. The  most  suitable  pumps  should 
be  employed,  and  with  them  what  is  equally 
important,  suitable  tackle  and  winches.  This 
point  has  been  very  much  neglected  in  the  past, 
because  the  tackle  and  winches  cost  roughly 
double  as  much  as  the  pump.     But,  properly 
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provided  with  these  appliances,  it  is  certain  that 
progress  will  be  twice  as  great  as  by  the  old- 
fashioned  system.  Some  of  the  better  makes 
of  suspended  steam  pumps  are  regarded  as  the 
most  suitable,  hung  by  long  link  chains,  so  that 
a  shackle  can  be  put  on  the  chain  at  any  link, 
and  lifting  appliances  tackled  on  at  any  point 
in  a  few  moments.  The  lifting  tackle  should 
consist  of  steel  wire  ropes  and  blocks  with  a 
winch,  single  or  double-barrelled  as  circum- 
stances may  dictate. 

Some  excellent  sinking  has  re- 

bjTp^uiSiva  ^^"*^y  ^^«"  achieved  by  means 
Borlns.  of  Herr  Pattberg's  sinking  ap- 
pliances. These  consist  of  a 
cutting-head  mounted  on  a  strong  wooden  or 
wrought  iron  frame-work,  supported  by  a  tubu- 
lar boring  rod,  two  mammoth  pumps,  the  whole 
slung  from  a  scaffolding  over  the  shaft,  and  an 
oscillating  drum  and  engine  for  giving  the  re- 
ciprocating motion  to  the  cutter  system.  The 
accessories  are  water  pumps  and  air  com- 
pressors. 

The  work  that  has  recently  been  done  con- 
sists of  three  sinkings  in  two  shafts  21  ft.  in 
diameter  through  loose  ground  consisting  of 
sandy  clay,  clay,  quicksand,  sandy  marl,  and 
accreted  marl.  The  first  sinking  was  145  ft.  in 
forty-four  days,  the  second  a  little  over  95  ft.  in 
eleven  days,  and  the  third  188  ft.  in  fifty-nine 
days.  The  greatest  speed  obtained  was  i6j^  ft. 
each  in  two  successive  days.  The  whole  piece 
of  work  compares  remarkably  well  with  any 
other  method  of  sinking. 

The  operation  consists  of  lifting  the  cutting 
head  and  letting  it  drop  7  or  8  inches,  fifty  or 
sixty  times  a  minute,  giving  a  turn  each  time. 
The  borer  consists  of  a  series  of  cutting  edges 
or  chisels,  or  of  a  continuous  cutting  edge,  set 
obliquely  in  the  frame  so  as  to  cut  a  surface 
inclining  towards  the  centre  ;  the  operation 
takes  place  with  water  in  the  shaft,  and,  more- 
over, water  under  pressure  is  forced  down  the 
hollow  boring  rod  and  escapes  by  special  channels 
at  each  chisel.  The  detritus  and  muddy  water 
run  to  the  centre  and  thence  are  lifted  to  the 
surface  by  the  mammoth  pumps,  which  comprise 
an  inner  and  an  outer  pipe,  and  down  the 
annular  space  between  the  two  compressed  air 


is  forced,  and  at  the  lower  end  escapes  into  the 
inner  tube  and  carries  with  it  the  detrital 
sludge. 

Sinking  drums  are  employed  at  the  start,  and 
continuous  tubbing  is  made  to  follow  the  progress 
of  the  cutting  head  by  means  of  hydraulic 
presses.  Germany  was  the  scene  of  this 
successful  piece  of  work,  and  at  the  pit 
**  Rheinpreussen  IV."  the  total  cost  of  a  com- 
pletely new  installation  and  plant  was  ;^io,i65, 
including  everything,  from  pit  frame  and 
foundations  to  the  air  compressors,  hydraulic 
presses,  pump,  and  engines.  The  cutting-tool, 
mounted  in  a  wooden  frame  and  with  a  cutting 
edge  of  21  ft,  is  27  ft.  high  at  the  centre,  and 
weighs  19,900  lbs. 


A  Reeent 
Winding  Engine. 


'  Made  in  Germany "  applies 
to  the  most  recent  addition  to 
France's  winding  engines  for 
use  in  one  of  her  coal  mining  enterprises.  A 
German-made  winding  engine,  constructed  for 
the  Soci6te  des  Houilleres  de  Ronchamp  at 
Ronchamp,  in  the  department  of  Haute  Saone, 
has  many  special  features.  Spiral  drums  as 
well  as  taper  ropes  are  used,  and  the  engine  is  a 
twin-tandem  compound  engine,  with  separate 
condenser.  The  drums  are  installed  at  right 
angles  to  the  long  axes  of  the  cages,  and  they 
are  placed  on  parallel  axes  one  in  front  of  the 
other,  the  one  nearest  the  pit  head  winding  on 
the  nearest  cage,  the  other  winding  the  farther 
cage.  The  pulleys  are  set  in  the  frame  one 
above  the  other.  The  large  diameters  of  the 
drums  are  set  both  on  the  same  side. 

All  points  of  compensation  and  safety  have 
been  particularly  considered,  special  attention 
having  been  given  to  the  positions  of  the  drums 
and  engines,  the  depths  of  the  grooves  in  the 
spirals,  the  general  construction  and  slope  of 
the  conical  part  of  the  drum,  the  prevention  of 
overwinding,  the  ready  manipulation  of  the 
engines,  and  steam  economy. 

The  chief  dimensions  are  :  diameter  of  high- 
pressure  cylinders,  2756  in.,  of  low-pressure, 
3940  in.,  stroke,  708  in.,  width  of  drum, 
12 ft. 6  in.,  diameters  of  drum — largest,  35  ft.  sin., 
smallest,  13  ft.  7  in.  The  wire  ropes  have  a 
total  length  of  3,890  ft.,  include  five  different 
diameters,  ranging  from  177  in.  to  228  in.  and 
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each  rope  weighs  14,404  lbs.,  of  which  3,394  ft, 
weighing  12,257  ^t)S.,  will  be  generally  in  use ;  the 
rest  is  made  up  of  some  spare  laps  on  the  drum, 
and  a  length  available  when  required  in  the 
sump.  The  work  to  be  done  under  ordinary 
conditions  is  to  lift  5,026  lbs.  of  coal  3,280  ft., 
the  total  load  with  cage,  rope,  and  waggons 
being  27,292  lbs. 

The  frame  of  the  drum  is  of  wrought  iron, 
and  it  is  covered  with  plates  to  which  the  rolled 
sections  of  the  spiral  are  rivetted. 


Ore 

ConcentPaUon 
byOU. 


A  process  attracting  some  atten- 
tion in  mining  and  metallurgical 
circles  is  that  in  which  oil  is 
being  employed  to  separate 
certain  metal-bearing  minerals  from  the  value- 
less rock  with  which  they  are  found  associated 
when  brought  out  from  a  mine.  It  is  well  known 
that  from  time  immemorial  advantage  has  been 
taken  of  the  difference  in  specific  gravity  to 
separate  the  small  quantity  of  valuable  and 
heavy  mineral  from  the  vastly  preponderating 
mass  of  rocky  and  lighter  mineral  matter, 
and  multitudinous  have  been  the  appliances 
and  practices  devised  to  utilise  to  the  best 
advantage  the  superior  massiveness  of  the 
valuable  mineral.  In  a  gold  mill  anything  in 
the  way  of  greasiness  was  regarded  with 
particular  horror,  but  by  the  efforts  of  the 
originators  of  the  new  process  all  this  is  changed. 
Greasiness,  represented  by  oil,  is  welcomed  in 
abundance,  and  the  chief  object  in  the  opera- 
tion is  to  reduce  the  superior  heaviness  of  the 
valuable  material  to  such  a  degree  as  to  make  it 
float  on  water,  whilst  the  valueless  rock  is 
allowed  to  sink. 

This  is  achieved  by  mixing  the  pulverised  ore 
and  water  with  heavy  petroleum  oil.  For  soma 
unexplained  reason  this  entraps  the  valuable 
mineral  and  bears  it  up  to  the  surface  of  the 
water,  whilst  the  useless  rock  is  discarded  and 
remains  beneath  the  water. 

The  appliances  for  carrying  out  the  operation 
are  very  simple.  The  mixing  and  principal 
separation  are  done  in  long  horizontal  cylinders 
provided  with  a  conveyor  worm  and  baffles. 
The  ore-bearing  mixture  is  admitted  at  one  end 
of  the  cylinder  and  the  oil  is  allowed  to  drop  in. 
The  cylinder  is  caused  to  revolve,  and  so,  accom- 


panied by  much  mixing  up,  the  oil,  water,  and 
ore  travel  automatically  along  the  cylinder,  and  at 
the  end  of  the  journey  they  pass  into  a  separating 
chamber.  The  ore  with  its  valuable  burden  is 
run  off,  whilst  the  water  with  its  rock  is  disposed 
of  in  any  convenient  way.  The  oil  and  concen- 
trates are  treated  in  centrifugal  machines,  by 
which  the  liquid  matter  is  separated  from  the 
solid,  and  the  latter  (the  concentrates)  are 
ready  for  any  further  treatment  that  may  be 
desired. 

It  is  remarkable,  however,  what 
Gravity  Work,     can  be  done  by  making  use  of 

the  difference  in  specific  gravity. 
Of  this  there  are  indeed  innumerable  examples 
dating  back  to  times  when  records  were  first  made, 
but  there  are  few  more  striking  than  a  recent  ex- 
perience in  California.  Two  years  ago,  during 
nine  months'  work,  655 ,657  miners'  inches  of  water 
removed  1,251,399  cubic  yards  of  material,  con- 
sisting of  pay-gravel,  varying  from  a  few  inches 
to  8  ft.,  with  a  barren  overburden  of  the  usual 
miscellaneous  character,  and  varying  in  thickness 
from  50  to  130  ft.  There  was  only  a  little  over  five 
farthings*  worth  of  valuable  material  per  cubic 
yard  of  material  washed ;  nevertheless,  by  the 
ordinary  means  of  washing  away  the  lighter  stuff 
and  leaving  the  heavier  to  accumulate  auto- 
matically, the  operation  was  conducted  at  a 
profit. 

It    is    noteworthy    that,    after 

imppovements    years    of     desultory     working, 

Ozokerite  Mines,  the  Gahcian  ozokerite  deposits, 

some  attempt  at  systematic 
working  is  now  being  adopted  ;  and  a  very 
complete  installation  is  being  iniroduced  by 
the  Galician  Credit  Bank  on  the  Boryslaw  field. 
The  shafts  are  being  properly  protected,  surface 
water  tubbed  back,  pumps  introduced  to  deal 
with  the  water  in  the  deposits,  ventilating 
appliances  and  electric  light  introduced,  and, 
where  necessary,  the  shafts  are  being  deepened 
and  well-protected  loading  stations  provided. 
The  main  result  will  be  that  much  poor  stuff 
that  has  hitherto  been  wasted  will  now  be 
brought  to  surface,  and  it  is  supposed  will  more 
than  repay  the  cost  of  the  improvements, 
without  considering  other  advantages  that  must 
accrue. 
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CokinflT 
Indifferent  Coal. 


It  is  the  custom  nowadays  to 
bewail  the  exhaustion  of  our 
coal  supplies,  therefore  any 
suggestion  relating  to  the  better  utilisation  of 
coal  should  be  duly  welcomed.  In  England 
we  have  long  adhered  to  the  old  and  wasteful 
beehive  method  of  making  coke.  After  some 
half  a  century  of  persuasion,  however,  a  few 
manufacturers  have  been  prevailed  upon  to 
introduce  the  chambered  oven  system,  and  this 
method  is  now  distinctly  gaining  ground.  It  is 
interesting  to  note  that  coals  which  cannot  be 
regarded  as  coking  coals,  and  which  under  the 
old  condition  of  things  could  never  have  been 
used  for  coke,  are  now  being  converted  into 
serviceable  coke  in  chambered  ovens.  This  is 
effected  by  compressing  the  finely  divided  coal 
employed  before  charging  into  the  oven.  The 
apparatus  used  consists  of  a  deep  rectangular 
trough   about  the  size  of  the    oven  chamber, 


which  is  made  adjustable  to  suit  the  size 
of  any  chamber  ;  in  fact,  the  bottom  is 
movable  and  can  be  slid  along,  whilst  both  the 
ends  and  sides  can  be  released  when  required. 
This  trough,  with  accessory  paraphernalia  and 
the  charging  ram,  is  brought  in  front  of  the 
chamber  to  be  charged.  The  coal  is  fed  into 
the  trough,  and  by  means  of  a  travelling 
mechanical  stamper  is  compressed  all  along 
to  the  desired  condition.  The  ends  are 
then  removed,  the  sides  released  a  little^ 
the  oven  door  opened,  and  the  block 
of  compressed  coal,  along  with  the  movable 
bottom  of  the  trough,  is  pushed  by  the 
ram  into  the  chamber.  The  door  of  the 
chamber  is  then  partially  closed,  the  bottom 
of  the  trough  withdrawn,  the  door  of 
the  oven  completely  closed  and  luted,  and 
a  larger  and  better  yield  of  coke  is  the 
result. 
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Elffht-coupled 
Goods  EnflTines. 


A  CORRESPONDENT  cxpresscs  the 
lATiTo  and  Small  hope  that  the  larger  railways 
^*^*  will  not  receive  sole  attention 
in  these  notes,  but  that  some  of  the  smaller  lines 
will  have  a  "look  in"  now  and  then.  Most 
undoubtedly  they  will,  relatively  to  the  import- 
ance or  interest  of  the  work  done,  alike  in  the 
design  and  construction  of  new  engine  types, 
the  improvement  of  old  forms,  and  the  results 
in  respect  of  actual  performances.  It  must  be 
borne  in  mind,  however,  that  the  larger  rail- 
ways, as  a  rule,  provide  not  only  a  greater 
volume  of  material  for  comment,  but  also  often 
topics  of  superior  interest,  ^^rs^. 

Reference  was  made  in  the  July 
notes  of  this  series  to  the 
increasing  use  of  the  eight- 
coupled  locomotive  types  for  goods  and  mineral 
traffic  in  Britain.  It  has  been  pointed  out  that 
eight-coupled  engines  were  used  in  Britain  even 
befoie  Mr.  Webb  introduced  the  type  on  the 
London  and  North- Western  Railway,  and 
therefore  long  before  the  Great  Northern, 
Lancashire  and  Yorkshire,  North- Eastern, 
Caledonian,  and  Great  Central  followed  suit ! 
Certainly,  that  is  so.  But  the  point  intended 
to  be  emphasised  was  not  the  novelty  of 
eight-coupled  locomotives,  but  the  extension  of 
their  use  in  Britain.  Even  in  the  United  King- 
dom they  are  no  novelty,  while,  of  course,  the 
type  is  as  **  old  as  the  hills  *'  on  the  European 
and  American  Continents  and  in  the  British 
Colonies.  Many  years  ago — in  Mr.  Archibald 
Sturrock^s  time — two  eight-coupled  tank  engines 
were  in  use  on  the  Great  Northern,  Nos.  474 
and  475.  But  there  was  a  prejudice  against 
coupling  so  many  as  eight  wheels,  just  as  there 
was  against  using  four-coupled  engines  on 
express  trains,  and  as  there  has  been  in  Britain, 


until  lately,  against  using  six-coupled  locomo- 
tives on  express  work.  But  elsewhere  the  great 
advantage  of  having  eight  points  of  rail-contact 
in  slippery  weather  has  long  been  recognised, 
and  now  that  this  has  at  last  obtained  apprecia- 
tion also  in  Britain,  it  is  safe  to  predict  that 
the  type  will  never  disappear  while  steam 
locomotion  remains  the  standard  mode  of 
carriage.  And  electric  traction  has  still  much 
to  learn  before  it  can  supersede  steam  on  long- 
service. 

Many   readers    will    remember 

^m^ST*^     the  introduction,  with   many  a 

Locomotive,      flourish    of    trumpets,   on    the 

Western  Railway  of  France,  of 
a  new  electric  locomotive  that  was  to  **whip 
creation."  It  was  known  as  the  Heillmann 
Locomotive,  and  was  a  sort  of  hybrid,  being  a 
steam  engine  and  an  electric- motor  combined. 
The  steam  engine  did  not  propel  the  locomo- 
tive, but  simply  actuated  a  machine  by  which 
the  steam  power  was  converted  into  electric 
force  which  propelled  the  engine.  It  was  a 
vast  and  most  ponderous  machine,  weighing 
well  over  100  tons,  and  it  was  reputed  to  be 
capable  of  speeds  quite  American  in  their 
marvellousness.  Of  their  actual  attainment, 
save  on  paper,  no  authentic  records  exist. 
It  is  to  be  feared  now  that  none  ever 
will  exist,  for  this  marvellous  engine  was 
condemned  to  be  dismembered,  and  its 
steam  and  electric-motors,  all  separated  from 
one  another,  are  said  to  be  doing  useful  service 
in  various  stationary  capacities.  But  as  a 
locomotive  the  Heillmann  no  longer  has  any 
individual  or  collective  existence.  It  may 
therefore  be  safely  inferred  that  it  was  not  a 
success  or  the  harbinger  of  a  new  epoch- 
making  class. 
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There  is  a  distinct  indication 

Multiplication     at    present    that    the  so-caUed 
of  the  ••Atlantic",,  .a;      ..    „     .  . 

type.  "Atlantic"    type    of     express 

passenger  engine  will  share  with 
the  six-coupled  bogie  type  the  bulk  of  the 
express  services  of  the  future.  The  six-coupled 
** Atlantic"  arrangement  is  undoubtedly  an 
effective  one.  The  four-coupled  driving  wheels  are 
right  under  the  middle  of  the  engine-length  ;  the 
front  end  is  carried  on  a  four-wheeled  bogie 
which  "  holds  down  "  the  road  for  the  driving 
wheels,  and  there  is  a  pair  of  trailing  wheels 
under  the  foot-plate  which  averts  any  "tail- 
wagging,"  and  permits  the  use  of  as  large  a 
fire-box  as  can  be  stoked  by  any  human  stoker 
of  normal  dimensions.  Since  the  pioneer 
of  that  class,  the  w- ell-known  **  No.  990  "  was 
put  on  the  Great  Northern  by  Mr.  Ivatt,  ten 
more  have  been  added  with  very  satisfactory 
results.  But  so  far  the  total  number  of  the  class 
remains  at  eleven  on  the  Great  Northern, 
whereas  some  fifty  of  the  eight-wheeled  "1321" 
class,  which  came  out  almost  simultaneously, 
have  been  built  at  Doncaster.  These  latter  are, 
doubtless,  much  cheaper  to  construct,  and  do 
excellent  work,  but  one  would  imagine  that  the 
advantages  possessed  by  the  "  Atlantics  "  would 
in  the  long  run  outweigh  their  extra  cost.  That, 
however,  is  a  pure  matter  of  experiment  and 
experience  which  no  amount  of  theorising  can 
possibly  determine. 

But  although    the  "Atlantics'' 

^1r**k*h?*"**  ^^^®  "^^  ^^^"  multiplied  on  the 
••Atiantics."  Great  Northern,  their  numbers 
are  steadily  increasing  on  the 
second,  and  indeed  only  other,  British  railway 
that  has  tried  them,  viz.,  the  Lancashire  and  York- 
shire. Up  to  the  beginning  of  the  current  year 
forty  of  the  "  1400  "  class  originally  designed  by 
Mr.  Aspinall  had  been  brought  into  service  on 
the  Lancashire  and  Yorkshire,  and  during  the 
current  year  a  fresh  batch  has  been  turned  out 
by  his  successor  at  Horwich,  Mr.  Hoy.  They 
appear  to  have  proved  higlily  successful  in  all 
respects,  and  certainly  have  done  by  far  the  best 
work  ever  seen  on  the  Lancashire  and  York- 
shire. It  is  noticeable,  moreover,  that  the  duty 
demanded  of  them  is  of  a  class  very  different 
from  that  which  had  to  be  tackled  by  the  earlier 
locomotives  of  Mr.  Aspinall's^build,  and  those  of 
his    predecessor,    Mr.    Barton  -  Wright.      The 


Lancashire  and  Yorkshire,  formerly  one  of  the 
slowest  of  British  railways,  is  now  among  the 
fastest.  The  mere  fact  that  it  runs  no  fewer 
than  twenty-nine  daily  expresses  between  Man- 
chester and  Liverpool,  each  booked  at  an 
average  start-to-stop  speed  of  virtually  55  miles 
an  hour,  .is  sufficient  to  place  it  in  the  first  British  ' 
speed  rank,  the  latest  North-Eastern  and  London 
and  North-Western  developments  notwith- 
standing. It  is  curious  that  this  very  useful, 
although  perhaps  expensive,  type  of  locomotive 
should,  like  the  four-cylinder  compound,  find 
such  limited  acceptance  in  Britain,  although  so 
largely  in  use  and  useful  in  most  other  countries. 

In  the  United  States  of  America, 

American       and  also  in  Canada,  the  possi- 
••AtlanUos."      ,  .,.^.  ,        ,  '  ^     . 

bihties  and   advantages  of    the 

"  Atlantic  "  type  have  long  been  fully  grasi>ed 
and  utilised.  Most  of  the  famous  trains  on  the 
American  Continent  are  worked  by  locomotives 
of  this  class.  Could  it  claim  no  other  merit 
than  its  ready  and  convenient  admission  of  a 
vast  boiler  and  firebox,  this  alone  would  con- 
stitute an  enormous  recommendation  in  these 
days,  when  the  combination  of  great  power 
with  large  speed-capacity  is  an  absolute  essential 
in  the  modern  express  locomotive.  But  its 
other  advantages  of  arrangement  are  so  obvious 
as  to  need  no  elaborate  demonstration. 


French 
'Atiantics.' 


On  the  Northern  Railway  of 
France  the  success  of  the 
"  Atlantic  "  or  '^Exposition  "  type, 
specially  designed  by  Monsieur  du  Bousquet 
to  meet  the  rapidly-increasing  speed  and  weight 
of  the  fine  express  trains  run  by  that  company, 
has  been  so  marked  and  so  remarkable  as  to 
consitute  an  epoch  in  French — and,  indeed, 
in  European — locomotive  practice.  It  will  be 
remembered  that  two  pioneer  engines  of  this 
order,  Nos.  2.641  and  2.642,  were  originally 
delivered  simultaneously  in  the  "  Exhibition 
Year"  1900,  the  one  to  be  shown  at  Vincennes, 
the  other  to  run  **  parade  "  trains  outside  on 
its  regular  metals.  In  these  engines,  although 
certain  standard  details,  such  as  the  de  Glehn 
system  of  four-cylinder  compounding,  the 
Walschaert  valve-gear,  etc.,  are  adhered  to,  the 
locomotive  itself  is  of  absolutely  new  design,  and 
the  result  has  proved  that  Monsieur  du  Bousquet 
has  produced  an   engine  which  assuredly  has 
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no  superior  in  the  world  for  express  duty, 
if,  indeed,  it  has  any  rival  on  all  points,  which 
is  at  least  doubtful.  Certainly  no  European 
locomotive  holds  such  records  for  associated 
speed  and  weight-pulling.  Eighteen  more  have 
been  added  to  the  original  two,  making  twenty 
in  all,  and  the  last  of  the  batch.  No.  2,660,  was 
only  delivered  at  the  end  of  July  in  this  year. 
These  eighteen  are  virtually  identical  with  the 
first  two,  save  in  having  six-wheeled  instead  of 
eight-wheeled  tenders,  the  first  and  second  pair 
of  wheels  being  widely  separated  in  order  to 
leave  space  for  the  water-pick-up  scoop  with 
which  these  newest  locomotives  are  also  fitted,  it 
being  intended  to  lay  down  water-troughs  at  no 
fewer  than  five  different  points  by  no  distant 
date.  Other  French  lines  are  using  engines  of 
the  "Atlantic"  tjrpe,  the  Chemin  de  Per  de 
I'Etat,  or  State  Railway,  for  instance,  which 
imported  several  of  these  from  the  Baldwin 
Works  in  Philadelphia,  U.S.A.  Some  of  a 
similar  type,  also  American  in  build,  are  likewise 
in  use  on  the  P.L.M.  line,  and  it  is  understood 
that  some  on  the  de  Glehn  compound  principle 
have  been  ordered  by  the  Paris-Orleans  Railway. 
But  now  the  Chemin  de  Per  du  Midi,  or 
Southern  Railway  of  Prance,  has  followed  suit, 
and  has  ordered  for  its  Bordeaux- Cette  service 
two  **  Atlantics,*'  which  are  to  be  exact  repro- 
ductions of  Monsieur  du  Bousquet's  Nord 
"  Atlantics,"  and  which,  like  Ihem,  are  to  be 
built  at  Belfort  by  the  Societe  Alsacienne  de 
Constructions  Mecaniques. 


Dutch 
'Atlaniics.' 


The  "  Atlantic  "  type  has  also 
been  adopted  in  Holland  as  the 
new  standard  express  type  of 
the  State  railways.  The  Dutch  '*  Atlantics  *'  are 
in  a  large  measure  mere  amplifications  of  the 
eight-wheeled  four-coupled  locomotive,  which 
was  previously  the  standard,  and  one  of  which, 


built  by  Messrs.  Neilson,  Reid  and  Co.,  was 
shown  at  the  Paris  Exhibition  of  1900.  Practi- 
cally, that  design  of  engine  has  been  taken  and 
lengthened  as  to  its  boiler  and  firebox,  and  a 
pair  of  trailing  carrying  wheels  added  under  the 
footplate.  In  this  way  a  very  fine  and  useful 
locomotive  has  been  evolved,  and  there  is  little 
likelihood  of  any  reversion  to  earlier  types  now 
that  the  newer  design  has  been  afforded  an 
opportunity  of  proving  its  value. 

When  the  Chemin  de  Per  de 
Seo«lfh''E„a'.sJ'Etat  Beige,  or  State  Railway 

of  Belgium,  deliberately  adopted 
the  ^*  Breadalbane  "  or  improved  "  Dunalastair" 
locomotive  type,  designed  by  Mr.  J.  P.  Mcintosh 
for  the  Caledonian  Railway,  as  the  standard 
passenger  class  for  that  system,  it  was  originally 
understood  that  these  engines  were  specially 
intended  for  use  on  the  heavier  grades  which 
are  found  on  the  Etat  Beige  system  as  it 
approaches  the  German  frontier  at  Herbesthal. 
Pive  were  built  by  Messrs.  Neilson,  Reid  and 
Co.,  of  Glasgow,  to  Mr.  M'Intosh's  designs,  and 
were  duly  sent  to  Belgium.  They  gave  such 
satisfaction  that  they  have  since  been  largely 
multiplied  in  their  adopted  country,  many  being 
constructed  by  Belgian  firms,  and  these  now 
are  employed  on  the  International  express 
between  Brussels  and  the  Prench  frontier,  as 
well  as  in  the  German  direction,  replacing  the 
older  type  with  Belpaire  fire-boxes,  two  middle 
pairs  of  wheels  coupled,  and  rectangular 
funnels.  Engines  of  the  "Caledonian"  type 
now  come  right  into  Prance,  as  far  as  Aulnoye, 
i34i  miles  from  Paris.  It  is  noteworthy  that 
Mr.  M'Intosh*s  "  Caledonian  "  design  of  goods 
engines  was  also  adopted  by  the  Belgian  State 
line,  and  the  two  shown  at  the  Paris  Exhibition 
were  of  this  pattern — high  compliment  to  their 
designer  and  to  his  country  ! 
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MECHANICAL    APPLIANCES    IN 
MINES. 

AT  the  Newcastle  meeting  of  the  Institution 
of  Mechanical  Engineers,  Mr.  R.  H. 
Wainford,  M.Inst.Mech.E.,  contributed  an  im- 
portant paper  on  the  subject  of  Coal  Cutting 
and  Drilling  by  Machinery.  The  advantages 
of  this  method  over  hand-labour  are  clearly 
demonstrated. 

ADVANTAQKS   OF   CURVING  OR  HOLING  BY 
MKCHANICAL    MKTHODS   OVKR    HAND-LABOUR. 

Generally  the  machines  do  this  work  under  the  coal, 
whereas  the  miner  holes  in  the  coal,  and  from  a  com- 
mercial point  of  view  a  distinct  gain  in  favour  of  machine 
practice  is  established,  there  being  a  reduction  in  the 
amount  of  slack  made.  Something  like  90  per  cent,  of 
the  coal  got  by  machines  will  pass  over  a  |-  screen  mesh, 
as  against  60  per  cent,  by  the  hand  method.  For  the 
purpose  of  ascertaining  the  difference  in  selling  values 
an  exhaustive  trial  was  made  at  a  Lancashire  colliery 
with  these  results  : — 

£  s.  d. 
1  13    o 

073 


*  Hand-labour  :  3  tons  coal  at  lis.  per  ton 

I  ton  slack  at  7s.  3d.  per  ton.. 
Value  per  ton,  average,  10s.  ofd. 


By  machine  :  8  tons  coal  at  lis.  per  ton     ...     4    8    o 
I  ton  slack  at  7s.  3d. per  ton  ...     o    7    3 
Value  per  ton,  average,  los.  7d. 
An  increase  of  6Jd.  per  ton  in  value. 

The  foregoing  figures  are  the  result  of  work  performed 
some  time  ago  by  a  Winstanley  disc  coal-cutter,  similar 
results  are  maintained  at  the  present  time,  and  whereas 
a  miner  produces  3  tons  of  coal  to  one  of  slack,  a  machine 
will  get  8  tons  of  coal  to  one  of  slack.  This  advantage  is 
somewhat  discounted  by  the  fact  of  slack  being  nearly  as 
valuable  as  coal  for  coking  purposes  ;  a  better  quality  of 
coke  is,  however,  made  from  disintegrated  coal  than  from 
slack,  as   it   is   free  from  dirt— an  element  not  entirelv 


overcome  by  washing.     If  the   coal  is  house  or  steam 
coal,  then  the  advantage  is  fully  maintained. 

Therefore  if  6^d.  can  be  realised  in  this  manner,  the 
amount  may  reasonably  be  placed  to  the  credit  of 
mechanical  appliances,  and  then  more  than  half  of  the 
shilling  suggested  as  the  possible  saving  is  established. 

A    DIRKCT    COMPARiaON. 

For  the  purpose  of  making  direct  comparison  as  to  the 
work  of  machines  v.  hand-labour,  it  is  advisable  to  lix 
upon  normal  conditions,  and  to  do  this  a  three-foot  seam 
may  be  reasonably  and  fairly  regardedas  the  average.  Coal 
can  be  holed  by  machines  in  this  thickness  to  advantage; 
as  they  get  thicker  the  saving  is  decreased,  and  as  they 
become  thinner  they  increase  ;  the  machine  may  cease 
to  show  a  gain  when  the  thickness  exceeds  5  ft.,  on  the 
other  hand  the  best  results  have  been  attained  in  seams 
under  2  ft.  thick.  A  good  miner  will  hole,  curve,  get,  and 
fill  three  tons  a  day  of  eight  hours  in  a  three-foot  seam 
under  normal  conditions,  and  in  so  doing  will  have  earned, 
say,  7s.  6d.  ;  the  cost  for  "  holing  or  curving,"  getting  and 
filling  is  therefore  2s.  6d.  per  ton.  There  is  little 
doubt  as  to  this  figure,  viz.,  2s.  6d.  per  ton,  being  below 
the  average  on  the  total  output  of  Great  Britain,  so  the 
rate  may  be  accepted. 

CAPITAL    OUTLAY. 

The  capital  outlay  for  a  complete  coal-cutting  plant  is 
here  considered,  with  allowances  made  for  interest  on 
capital,  depreciation,  repairs,  cost  of  running,  stores,  etc., 
a;id  a  figure  arrived  at  to  stand  against  the  machine. 

The  estimated  cost  of  a  single  coal-cutting  machine 
plant  : — For  one  machine  complete  with  all  fixings  and 
power  plant,  exclusive  of  boiler,  engine  house  and 
foundations,  ;f  1,000 ;  the  standing  charges  are  as 
follows  : — 

£     s.  d. 
For  interest  and   depreciation   at 
15  per  cent,  per  annum  of  300 

working  shifts      150    o    o 

For  repairs  and  stores        75    o    o 

For  power  (fuel)      ...         fx)    o    o 


•These  fiKiirev  are  taken  frojii  lh<;  recently  published  hook  bvSydncy 
F.  Walker,  pa^e  4^,  'Coal  LiUlin>;  by  Machinery  in  the  Cnilei 
Kingdom." 


£'285    O    O 


£2S$  -f-  300  =  igs.  per  shift. 
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The    specification    of    a    single  machine   installation  cutting  to  greater  depths  than  possible  by  hand  renders 

complete,    as    estimated    above,    includes    engine    and  timbering  required  less  frequent  and  therefore  less  costly, 

dynamo,    electric    standard    type    coal-cutter     and    all  and  also  a  reduction  in  the  number  of  shots  to  be  fired  is 

accessories  and  connections  from  the  generator  to  the  found  from  experience  to  be  considerable.    Bykeepmga 

machine  at  a  face  half  a  mile  from  the  shaft,  erecting  the  straight,  line  the  coal  breaks  away  more  easily,  especially 

plant  and  running  it  for  ten  days.     No  account  is  taken  when  aided  by  increased  depth  of  hole.    At  a  mine  in 

for  attendance  at  the  generating  station.     It  may  be  here  Yorkshire  forty  shots  were  fired  per  day  when  the  holing 

suggested    that    when  the  cutters    are  worked  on  the  was  made  by  hand  ;   the  machine  method  reduced  the 

night    turn,   which    is    usual,  the    fuel    account   would  number    of  shots  necessary  to  seven.      Another  good 

hardly  be  appreciable,  as  the  steam  in  this  case  will  feature  in  the  new  method  to  be  noted  is  that  work  can 

be  drawn  from  boilers  that  are  not  in  use  although  in  be  carried  on  regularly  ;  to  keep  a  face  moving  forward 

steam.  at  a  set  speed,  varying  conditions  are  minimised,  and 

This  is  for  an  electric  installation  ;  the  compressed  air  so  the  work  becomes  easier    to    cope    with    and    less 

plant  may  be  taken  over  all  to  be  about  equal  in  cost,  hazardous. 
Some  slight  differences  occur  in  the  prices  for  the  Hurd, 

Clarke-Stephenson,  and  Diamond;  the  sum  ;ei,ooo  is  not  posSIBLK   PRAOTIOAL    OBJKOTIONS   TO    MAOHINK 
exceeded,  however,  m  any  case. 

The  coal-cutter  will  hole  or  curve  to  a  depth  varying  PRACTICB. 
from  3ift-  to  6  ft. ;  the  average  working  depth  is  4i  ft., 

and  in  eight  hours  will  travel  across  a  face  seventy  yards  From  the  practical  point  of  view  some  objections  to. 

under  normal  conditions,  holing  or  curving  through  a  machine  practice  occur  ;  they  present  themselves  differ- 

distance  on  the  face,  which  when  got  and  filled  equals  ently  in  each  mining  district;  discussion  may  indicate 

IOC  tons  ;  the  same  falling-off  and  increase  in  the  make  them  variously.      One  of    the  chief   objections   to    the 

applies  here,  so  the  average  may  be  taken  as  stated.  system  is   the  difficulty  in  finding  men  to  attend  the 

Sometimes  two  men  only  are  required  to  look  after  the  machines,  possessing  sufficient  mechanical  skill  and  pit 

machine,  and  never  more  than  three  ;  if  these  men  are  experience  to  enable  them  to  cope  with  contingencies  at 

paid  at  the  same  rate  as  the   miner,  the  holing  through  the  face  as  they  are  met ;  but  this  hardly  reflects  discredit 

seventy  yards  will  then  cost  7s.  6d.   x  3  =  22s.  6d.,  less  upon    the  mechanical    methods    directly.      Miners   can 

if  anything,  because  two  men  may  be  enough  to  do  the  readily  apply  themselves  if  dealt    with    with  tact  and 

work.  encouraged    in   the    work.     At   some    places    machine 

For  getting  down  and  filling  (i  id.  per  ton  standard  +  57^  methods  have  recorded  a  failure,  traceable  very  often  to 

per  cent.),  cost  per  ton  =  is.  6-46d.,  and  the  total  for  the  plant  being    either  badly  designed  or  lacking  the 

holing  or  curving,  getting  and  filling  100  tons  is  : —  necessary  power,  but  most  often  to  the  system  being 

taken  up  in  a  desultory  manner,  for  it  seldom  happens 

per^ton.         pw^ton.  ^^^^  ^  ^^^  *^^^  ^^^^  "^^  meet  serious  difiiculties,  due  to 

For  special  machine  men  (holing)     126    or    o   27  prejudice,  either  on  the  part  of  the  management  or  the 

..    getting  and  fuilng 71310      „     i    6-46  men,  or  both. 

„     holing,  getting,  and  fiUiniS 8  16    4       „      i    9*16 

'"                       .i^^^=  COST    IN    VORK8HIRK. 
Bringing  forward  the  amount  estimated  as  the  standing 

charge  per  shift  against  a  single  machine  plant,  we  have  The   author    concludes    with    some    very   in- 

the  following  results  :-                      ^  ^  ^         ^    ^  teresting  figures,  which  we  give  below :- 

per  ton.         per  ton.  Total  underground  cost  of  working  a  seam  3  ft.  3  in.  at 

For  holing,  getting,  and  filling  loo  tons     ..     ..     8  16    4     or      i    916  j      *u     /             -   ^         j     •        -^     1    u-      /-•  n-         u 

„   standing  charges,  interest  etc.,  100  tons  ..    0190     „     o   228  ^  depth  of  over  500  yards  m  a  Yorkshire  Colliery  by  means 

of  the  "  Diamond  "  deep  undercutting  machine,  holing  to 

•               '^  ^5   4      ..     I  11-44  a  depth  of  S\  ft.  in  stiff  fireclay. 

Cost  per  ton. 

The  reduction,  therefore,  is  6*56  pence  on  the  2s.  6d.  s.      d. 

rate  in  favour  of  the  machine,  and,  together  with   the  Coal   getting  (iid.  per  ton   standard   price, 

amount  previously  estimated  as  savings  due  to  increased  including  57 i  district  percentage)                    i     6*46 

selling  value,  etc.,  of  725  pence  =  13-81  pence.    The  un-  Coal-cutter  men,  paid  by  day 4*82 

favourable  points  in  the  foregoing  estimates  are  found  in  Cleaning    up,    ripping    (9  ft.    roads),    horse- 

the  fact  that,  whereas  a  single-machine  plant  is  put  down  keepers,  hurrying  and  hanging  on,  main 

at    ^1,000,  a  two-machine  plant  costs  £i,S75j  a  three-  roads,    bye    work,   and    superintending, 

machine  plant  ;t2>' 25,  and  a  four-machine  plant  ;f 2,950  including  deputies,  shot-firers,  etc.         ...       i     1-91 

approximately.  

3     119 

ADVANTAOeS   OF   COAL-CUTTINQ    MACHINKRV.  ' 

When  coal-cutting  by  machinery  is  efticiently  carried  Approximate  output  from  seam,  4,500  tons  per  week, 

out,  the  working  face  is  kept  straight  and  clean.     Under-  Average  tonnage  for  fillers,  ,64  tons  per  shift. 
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LIQUID    FUEL    FOR   STEAriSMIPS- 

Ti/f R.  EDWIN  L.  ORDE,  of  Newcastle,  in 
-^^-^  the  course  of  a  paper  read  at  the  recent 
meeting  of  the  Institution  of  Mechanical  Engi- 
neers, attributed  the  slow  advance  made  in  the 
use  of  liquid  fuel  for  steamships  to  the  fact  that 
until  comparatively  lately  it  has  not  been 
obtainable  in  such  quantities  as  are  required  to 
make  it  commercially  useful. 

For  many  years  the  Caspian  Sea  was  the  only  place 
where  liquid  fuel  was  used  in  the  furnaces  of  marine 
boilers,  and  as  the  quantity'  available  was  not  sufficient 
to  allow  of  its  export,  it  could  only  obtain  a  very  limited 
application.  Of  late  years,  however,  the  sources  of 
supply  have  largely  increased  in  number,  and  now  that 
the  large  oil-fields  of  Borneo  and  Texas  are  in  active 
operation,  and  commercial  enterprise  only  needs  the 
stimulus  of  demand  to  organise  distributing  stations,  the 
question  of  the  adoption  of  liquid  fuel  on  a  large  scale 
appears  to  need  for  its  solution  only  the  close  attention 
of  engineers.  The  principal  sources  of  supply  are  the 
fields  of  Borneo,  Burmah,  the  Caucasus,  Texas,  and  Cali- 
fornia ;  but  there  appear  to  be  indications  that  further 
supplies  exist,  and  were  the  demand  assured,  would  be 
explored  and  developed. 

ITS    COMBUSTION    IN    BOIUIR    FURNAOBS. 

The  conditions  that  attend  and  the  reactions  that  take 
place  in  burning  liquid  fuel  in  boiler  furnaces  present  a 
problem  which  has  apparently  not  received  the  attention 
which  it  deserves.  Petroleum  vapour  depends  entirely 
on  temperature,  and  it  is  therefore  almost  impossible  to 
collect  samples  when  actually  burning  it  in  a  furnace.  It 
seems  obvious  that  the  first  effect  of  the  furnace  heat  on 
the  petroleum  spray  is  to  liberate  hydrocarbon  tapours, 
and  to  ignite  them  on  the  outer  surface  of  the  jet.  The 
ignition  raises  the  temperature  of  the  whole  of  the  jet,  and 
probably  dissociates  some  at  least  of  the  hydrocarbon 
vapours  intocarbon  monoxide  and  hydrogen.  In  what  form 
the  undissociated  hydrocarbon  vapours  burn  it  is  difficult  to 
conjecture,  but  the  appearance  of  the  flames  suggests 
that  acetylene  is  present.  This  might  conceivably 
arise  from  the  reaction  CH^  +  CO  =  HjO  +  CjH,. 
As  the  temperature  of  the  flame  rises,  the  hydro- 
carbons are  probably  all  dissociated,  and  burn  as 
CO  and  H  to  CO2  and  HgO  without  further  change. 
When  the  conditions  are  satisfactory,  the  flames  are 
opaque  and  dazzling  white  in  colour  for  a  distance 
of  some  6  in.  from  the  nozzle  of  the  burner,  become 
semi-transparent,  and  almost  violet  in  colour  at 
the  middle  of  their  length,  and  shade  into  red  at  the  end. 
In  burning  oil  which  is  mixed  with  water  the  combustion 
is  incomplete,  the  violet  colour  never  appears,  and  the 
end  of  the  flame  is  dark  red  and  fringed  with  smoke.  In 
some  cases,  where  water  is  present  in  comparatively 
small  quantities,  the  end  of  the  flame  is  white,  and 
presents  the  appearance  of  acetylene,  which  may  arise 
from  want  of  sufliCient  heat  in  the  flame  to  decompose 
the  hydrocarbons.  This  has  been  observed  when, 
although  no  smoke  was  formed  and  the  air  supply  was 


not  more  than  20  per  cent  above  what  is  chemically 
necessary  for  the  fuel,  the  evaporative  performance  of 
the  boiler  was  poor,  which  confirms  the  existence  of  a 
low  furnace  temperature. 

APPARATUS  DESIQNBD  FOR  UTILISING  LIQUID  PUBL. 

The  **  burners  *^  which  have  been  designed 
for  admitting  Hquid  fuel  into  boiler  furnaces, 
numerous  as  they  are,  may  be  broadly  divided 
into  three  distinct  types.    These  are  : — 

ist.  Mechanical  spray,  in  which  the  liquid  fuel  is  forced 
under  pressure  through  nozzles,  made  of  such  a  form  a»i 
to  break  it  up  into  a  fine  spray  and  thus  render  it  in- 
flammable. 

2nd.  Spray  burners,  where  the  liquid  fuel  is  held  in 
suspension  and  driven  into  the  furnace  by  means  of  a  jet 
of  steam  and  compressed  air. 

3rd.  Vapour  burners,  in  which  the  liquid  fuel  is  vo- 
latilized and  the  vapour  admitted  to  the  furnace. 

ARRANQKMKNT    FOR    SKPARATINQ    WATSR. 

In  addition  to  the  actual  burning  apparatus,  no  installa- 
tion can  be  considered  complete  without  {a)  some  form 
of  filter  to  cleanse  the  fuel  oil  of  impurities,  and  (6)  some 
arrangement  for  separating  water.  This  last  is  by  no 
means  so  simple  as  it  would  at  first  sight  appear.  The 
specific  gravity  of  most  fuel  oils  is  about  0*92  to  0*96,  so 
that  separation  by  the  action  of  gravity  alone  is  an 
exceedingly  lengthy  process  and  practically  never  com- 
plete ;  but  as  the  coefticient  of  expansion  of  fuel  oil  ib 
considerably  higher  than  that  of  water,  the  action  may  be 
greatly  hastened  by  heating  the  contents  of  the  tank  ;  the 
combination  of  oil  and  water,however,is  curiously  intimate, 
and  a  careful  experiment  showed  that  at  a  temperature  of 
140**  F.  seven  days  elapsed  before  the  water  was  completely 
separated.  A  large  expenditure  of  heat  is  required  if  the 
contents  of  the  fuel  tanks  are  to  be  maintained  at 
such  a  temperature,  and  it  is  obvious  that,  unless  the 
separating  process  is  complete  and  the  water  is  all 
drained  out  of  the  tank  before  any  of  the  fuel  is  drawn  off 
for  use  in  the  burners,  the  lower  layers,  which  are  the 
first  to  flow,  are  formed  of  a  concentrated  intermixture  of 
oil  and  water.  One  way  out  of  this  difficulty  consists  of 
a  swing  pipe  supported  at  one  end  by  a  floating  vessel. 
The  orifice  of  the  pipe  is  arranged  at  a  suitable  distana^ 
below  the  surface  of  the  liquid  fuel,  and  a  coil  of  stcim 
pipe  is  fitted  so  as  to  raise  the  temperature  of  the  oil 
immediately  surrounding  the  opening  into  the  pipe  ;  the 
fuel  passes  through  the  swing  pipe  on  its  way  to  the 
burners,  and  is  to  a  great  extent  freed  of  water  at  a  com- 
paratively small  heat  expenditure. 

ACTUAL  RKSULTS  OBTAINKD. 

It  is  obviously  impossible  to  draw  any  exact  com- 
parisons between  solid  and  liquid  fuels  without  complete 
trials  carried  out  in  such  a  way  as  to  show  the  actual 
boiler  performance,  and  there  are  unfortunately  no  avail- 
able data  which  allow  of  this  being  done  properly  from 
a  scientific  point  of  view.  Commercially,  however,  the 
results  have  some  value,  and  to  make  the  comparison  as 
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useful  as  possible  the  corresponding  consumption  of  coal 
as  actually  ascertained  is  given  in  four  cases  : — 


I 

1         Name 
of  Ship. 

Type  Burning 
Installation. 

5? 

X 

C.  F.  Laiesz 

Korting 

1-408 

1*93 

7.560 

2,200 

Sithonia 

Howden 

1*065 

1-49 

- 

2,500 

Mutex 

Rusden-Eeles 

i    1-3?    \ 
( 16  tons ) 

25  tons 

5.202 

- 

Syrtam 

do. 

1-32 

- 

2.480 

800 

I    Khodoung 

f  The  Author            ) 
\  Armstrong. 
IWhitworthACo.  ) 

I-08 

1-67 

2,700 

960 

Differences  in  consumption  in  favour  of  liquid  fuel  as 
compared  with  coal  : — 

C.F.Laiesz      say  27  per  cent. 

Sithonia  286     „ 

Murcx 36        „ 

Khodoung         355     „ 

All  the  vessels  have  triple-expansion  engines  of  normal 
proportions,  except  the  Sithonia^  in  which  quadruple- 
expansion  machinery  is  fitted,  and  from  the  coal  con- 
sump*  ion  trial  the  amount  of  water  required  per  i.h.p. 
must  be  considerably  less  than  in  the  other  vessels 
referred  to. 


SOME  EAPERiriENTS  ON  STEAPl- 
ENOINE  ECONOny. 

'npHE  object  of  this  paper,  contributed  to  the 
-■-  Institute  of  Mechanical  Engineers  by 
Professor  R.*  L.  Weighton,  was  to  record  the 
results  of  two  separate  and  distinct  sets  of 
experiments  bearing  upon  the  economical  per- 
formance of  the  steam-engine.  The  first 
constitutes  a  series  of  experiments  made  with 
a  view  to  determine  the  economical  effect 
of  reheating  the  steam  passing  through  the 
receiver  of  a  double-expansion  or  compound 
engine.  The  second  forms  a  series  of  experi- 
ments made  with  a  view  to  determine  the 
influence  upon  economy  of  degree  of  vacuum 
in  the  condenser  of  a  triple-expansion  engine. 
Both  sets  of  experiments  were  made  upon 
the  experimental  engines  in  the  Engineering 
Laboratory  at  the  Durham  College  of  Science, 
Newcastle-upon-Tyne,  and  form  part  of  a 
systematic  course  of  research  work  upon  the 
steam-engine  which  is  being  carried  out 
there.  The  results,  in  tabular  form,  are 
appended : — 


RESULTS   OF   RECEIVER    REHEATING   TRIALS. 
Cylinders  - — —^~    Boiler  Pressure  200  lbs  (above  atm.)    Jacket  Steam  off.    Cut  off  in  L.  P.  Cylinder  y". 

lo 

Power  varied  by  shifting  H.P.  Eccentric     Condensing  Water  adjusted  for  an  approximate  Vacuum  of  24*4''. 


No.  of  Trial 


II. 


III. 


IV. 


off  or  on 
..inches 


Date  of  Trial.    1900    .. 

Reheater  Steam 

Shift  of  H.P.  Eccentric 
Pressure  in  H.P.  Steam  Chest 

lbs.  above  atm. 
Pressure  in  Reheater  CoUs     „  ,. 

Pressure  in  Receiver 
Barometer  . .  inches  of  mercury 

Vacuum „        „ 

Mean  Pressure,  reduced  to  L.P.  Cylinder 
lbs.  per  sq.  inch 

Revolutions  per  minute         

Coodeasation  in  Receiver      .  .lbs.  per  hour 
Condensation  in  Coils  of  Reheater.. 

lbs.  per  hour 

Total  Water  used        . .    lbs.  per  hour,  W. 

Steam  shown  by  Indicator  Cards  at  L.P. 

cut  off  in  percentage  of  total  water 

Indicated  Hmse  Power         

Brake  Horse  Power 

Mechanical  Efficiency 

Ftounds  Water  ..         ..      per  I.H.P.  hour 
Pounds  Water B.H.P.    „ 


v. 


VII. 


, 

"o^r 

May  4 

on 

h 

\ 

195-5 

194 

0 

193 

50 

543 

29*4 

29-4 

23*" 

23 

58-1 

60-4 

1334 

136-1 

95 

495 

0 

110 

2298 

2454 

72 

767 

131 

i3«-8 

120-3 

126-1 

•V18 

•908 

17*54 

17-61 

19-1 

19-46 

April  27  I  April  27. 
off  on 


197 
o 
43 
30 
244 

54 
130*2 


196 
194 

47*5 
30 

24*37 

5V6 
134.4 


not  taken  not  taken 


2050 


May  II. 
off 


3t 

29-8 
244 

132-8 
8178 


I 


68-4 

118-7 

II2-6      ' 

•948, 

17*2      I 

i8-2      , 

I 


2216 

1725      j 

75 

126*2 

68-3      1 
987      1 

1171 
-928 

17*5 
18-92 

94*1       1 
•953 

1833 

May  II 


197 
194 
36 
29-8 
24*5 

465 
137-6 
43*96    , 

88        I 
1896      I 

77-2  I 
107*6  i 
99*5  I 
•925  i 
17-62  I 
19-00    ' 


VIII. 


IX. 


May  18. 
off 

May  18. 
on 
i 

i<)9 

0 

167 

198 
195 
21 

29*9 
24-42 

29*9 

24*45 

308 
133*9 
55*8 

327 
137*5 
32-6 

0 
1270*6 

68 
1378*6 

60 
697 
63*5 

-911 
18-23 

70 

75 
677 

•902 
1838 

off 

» 

198 

o 
i*o 

29*75 

24*2 

12*36 
136*4 

would 

not  drain 

o 

599*5 

60-4 
28-5 
24-3 

•854 
21  06 
24-67 


May  25.  I 
on 

*    I 
198 

29*75    I 
244. 

1.^*78 

1432 

would 

not  drain 

22 

686 

71 
33*3 

•820 
20.59 
2511 


NotES.— 1.  Trials  were  made  In  ^atrs— steam  oj^  and  steam  on  Reheater— the  one  after  the  other  with  a  sufficient  interval. 
3.    The  Brake  Sluices  were  adjusted  for  the  Hrst  of  each  pair,  and  were  not  altered  for  the  second  trial  of  the  pair. 
3-  In  plotting  the  results  on  Fig.  2,  Plate  2,  the  Powers  in  Nos.  I.  and  II.  are  brought  up  to  the  average  vacuum  of  the  others,  viz.,  24-4  inches. 


Digitized  by 


Google 


350 


Page's .  Magazine. 


RESULTS   OF   VARIABLE    VACUUM   TRIALS. 


Cylinders 


1 8" 


Jacket  Steam  off.     Receivers  drained  continuously. 


Cut  off  in  each  Cylinder  loj".    Brake  Sluices  shut  i  inch. 


No.  of  Trial 


Date  of  Trial.    1902 

Vacuum— inches  of  mercury 

Condensing  Water   » 
Feed  Water      ~  i"   •' 

Barometer 

Pressure  in  H.P.  Steam  Chest  (above  atm.) 
Revolutions  per  minute.    (R; 

Indicated  Horse  Power  

Brake  Horse  Power 

Mechanical  Efficiency 

Total  Water  used  per  hour  in  pounds.    (\V) 
Hot  well  Temperature  *>Fahr.    (/h)  ,, 
Mean    Pressure  reduced   to    Low-pressure 

Cylinder  (M) 

I.H.P.  at  120  Revolutions.    (I) 

RH.P.  at  120  Revolutions.    (E) 

Water     per    Hour     at    120    Revolutions. 

_        120  W 

Ov.>=-R- 

Heat  Units  per  Hour  at  lao  Revolutions* 

(Wh  =  )      y.         


r. 

II. 

III. 

IV. 

Mar.  14. 
0 

Feb.  28. 
11*53 

Feb.  28. 
16-70 

Feb.  28. 
1969 

— 

5*7 

7-0 

8-4 

29-7 
147 
109 

1048 
212 

1 18-6 
70-2 

•859 
"41*5 
193 

2915 
147 

122-6 

76-9 

64-9 

•844 

1189-5 

177 

29*15 

I4« 

124*5 

78*7 

674 

-856 
1210 
164-5 

29-75 

6o-3 

53*2 

35*06 
71 
61 

37*13 

75-2 

635 

37*41 

75*8 

65 

1154 

"55 

1164 

1166 

954 

973 

996 

1008 

V. 


Mar.  7. 
20*40 

8-3 

29*7 
147 
124-3 
78-5 
669 

-852 
1218 
164-3 

37*33 

75*7 

64-6 


1175 


1016 


VI. 

vn. 

Feb.  21. 
21-79 

Feb.  21. 
24*07 

8-7 

II-2 

29-85 

151 

125*4 

81 

69*1 

•853 
1217 
157 

29-85 

ISO 

126-6 

83 

70-6 

•850 
12.^5 
142-8 

38*22 

77*5 
66-1 

3885 

787 

67 

1 164 

1170 

1015 

1033 

VIII. 


Feb.  21. 
2572 

»5*3 

29-85 

148 

127 

8a-2 

711 

•865 
1246 
129-2 

38*32 

77-6 

67-2 

"77 


IX. 


Feb.  21.  I 
28-18 

43*7       I 

29*85     i 

149 

127 

834       ' 

71*5       ! 

•857    , 

1247 
88-8       I 

38-85      i 

78-8 

67-6 

1178      i 


1053 


»  T|  =  TotaI  heal— above  zero  Fahr.— per  lb.  of  steam  of  trailer  pressure.   (Wh)=  Heat  units  reduced  to  lbs.  of  water  for  comparison. 


RUSSIAN    R3ILVAy    ENTERPRISE 
IN    CENTRAL    3SIA, 

T^HE  Monthly  Review  for  August  contains  an 
-■*  able  article  from  the  pen  of  Mr.  R.  E.  C. 
Long,  on  the  new  railway  which  the  Russian 
Government  have  decided  to  construct  between 
Orenburg,  an  important  town  in  South-East 
Russia,  and  Tashkend,  the  centre  of  the  most 
fertile  district  of  Central  Asia,  situate  about  300 
miles  from  the  Afghan  frontier.  The  writer 
points  out  that  the  importance  of  this  new 
project  has  been  somewhat  overlooked  in 
England,  and  describes  its  political  significance 
as  of  far  greater  moment  to  British  interests 
than  the  recently  completed  trunk  line  which 
has  linked  Port  Arthur  with  the  capital  of  the 
Empire. 

The  new  railway  follows  the  natural  and  historic  path 
of  advance  in  Central  Asia,  keeping  closely  almost  for  its 
whole  length  to  the  still-existing  track  which  before 
the  opening  of  the  Transcaspian  line  was  the  main  artery 
of  trade.  The  only  considerable  engineering  difficulty 
met  with  is  the  bridging  of  the  Ural  River  at  the 
beginning  of  the  line.  From  Orenburg  the  line  runs  east 
to  Orsk,  and  there  turns  to  the  south,  running  between 
two  outlying  spurs  of  the  Urals,  through  the  Kirghiz 
country  to  Irghiz.  At  Irghiz  is  crossed  a  branch  of  the 
Turgai  River,  and  thence  the  railway  runs  along  the  road 
to  Kazalinsk  on  the  Sir  Daria,  actually  touching  the  north- 
east coast  of  th«  Sea  of  Aral.  At  Perovsk  the  line  diverges 
eastward  from  the  road,  touching  it  again  by  a  southward 
bend  at  Fort  Julek,  after  which  it  runs  straight  to  the  town 


of  Turkestan.  ...  No  part  of  the  country  traversed, 
except  the  last  part,  is  very  fertile.  But  the  railway  will 
not  only  bring  supplies  both  to  and  from  the  districts 
through  which  it  lies,  but  it  will  also  tap  the  whole  fertile 
valley  of  the  Oxus ;  goods  sent  from  the  Oxus  valley 
being  put  upon  the  railway  where  the  line  touches  the 
north-eastern  coast  of  the  Sea  of  Aral.  The  railway  will, 
therefore,  facilitate  communication  with  Khiva  and  the 
Oxus  valley,  as  well  as  with  the  Sir  Daria  valley  and 
Ferghana. 

It  appears  that  there  was  an  alternative  route 
proposed  for  the  new  railway  through  Central 
Asia,  which  was  only  finally  abandoned  in  1900. 
It  was  to  have  started  from  Saratov,  on  the 
Volga,  running  in  a  direct  line  across  the 
Caspian  depression  and  the  Ust-Yurt  plateau  to 
Kungrad  and  Khiva,  and  thence  as  far  as 
Chardjui.  Though  this  latter  project  would 
undoubtedly  have  solved  the  problem  of  inter- 
communication as  well  as  the  present  line, 
there  were  many  advantages  peculiar  to  the 
Tashkend  route  which  could  not  be  neglected. 
It  will  be  safe  from  the  attacks  of  the  semi-sub- 
dued tribesmen,  and  presents  none  of  those 
difficulties  in  regard  to  water-supply  and  pro- 
tection from  sand  which  would  have  been  met 
with  in  the  desert  south-east  of  Saratov. 

But  perhaps  the  greatest  advantage  of  the  new  line  lies 
in  the  fact  that  it  will  provide,  although  not  by  a  very 
direct  route,  intercommunication  between  Central  Asia 

and     Siberia At     the     present    time    it    is 

practically  impossible  to  transport  the  surplus  Siberian 
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products — grain,  dairy  produce,  and  timber — into  Central 
Asia.  Siberian  products  must  first  be  sent  several 
thousand  miles  by  railway  to  Samara,  after  which  follow 
a  second  journey  of  a  thousand  miles  down  the  Volga,  a 
sea  voyage  across  the  Caspian  Sea,  and  a  fourth  journey 
of  a  thousand  miles  along  the  Transcaspian  railway. 

It  is  expected  that  the  new  line  will  especially 
stimulate  the  cotton-growing  industry  in  Central 
Asia,  which  has  hitherto  failed  to  find  room 
for  expansion  owing  to  the  difficulties  of  trans- 
port just  referred  to.  In  this  lies  the  chief 
commercial  hope  of  Russia's  new  undertaking. 

The  culture  of  cotton  in  Central  Asia  within  recent 
years,  and  particularly  since  the  introduction  of  the 
American  plant,  has  attained  enormous  dimensions. 
During  the  last  sixteen  years  the  area  devoted  to  cotton 
has  increased  from  1,200  to  375,000  acres,  and  in  1900 
Russia  received  from  her  own  possessions  7,500,000  bales, 
or  nearly  half  the  amount  required  for  the  home  manu- 
factures. .  .  .  Cotton,  moreover,  is  one  of  the  few 
manufactures  in  which  Russia  is  likely  to  compete  with 
Western  Europe  in  foreign  markets,  and  an  increase  in 
the  quantity  of  cheap  material  available  would  probably 
result  in  such  a  development  of  the  manufactures  as  would 
drive  all  competition  out  of  China  and  Persia. 

Mr.  LfOng  regards  the  new  railway  as  likely  to 
be  procreative  of  many  important  develop- 
ments, among  which  the  first  would  probably 
be  branch  lines  into  Eastern  Turkestan  and 
Western  China. 

The  English  commercial  interest  in  the  railway,  how- 
ever, will  only  begin  when  the  inevitable  connection 
with  Indian  railways  is  accomplished.  It  is  hardly  to  be 
expected  that  the  Indian  authorities  will  continue  for 
ever  to  suffer  from  the  blind  panic  which  prevents  them 
welcoming  a  measure  approved  of  by  nearly  every 
authority  who  has  not  been  blinded  by  Russophobist 
dread.  The  Channel  Tunnel  (in  essence  a  very  similar 
project  .  .)  was  killed  by  insular  panic  ;  but  it  is 
safe  to  say  that  had  any  other  nation  been  concerned, 
Englishmen  would  have  been  the  first  to  turn  into  ridicule 
such  a  dog-in-the-manger  policy.  .  .  .  It  is  obvious, 
also,  that  if  the  Russians  are  intent  upon  attacking  us  in 
India,  their  plans  must  be  on  such  a  vast  scale  that  the 
contemporaneous  laying  of  a  military  railway  will  be  but 
a  detail. 

After  discussing  the  strategical  value  to  the 
Russians  of  a  possible  through  communication 
between  Moscow  and  our  Indian  Empire  as  a 
means  of  invasion,  the  writer  concludes  : — 

Friendship  with  Russia  can  be  established  and  con- 
tirmed  only  on  the  basis  of  an  adjustment  of  the  mutual 
relations  of  the  two  Powers,  without  regard  to  the  shifting 
play  of  hatred  and  amity  which  goes  on  all  over  the  rest 
of  Europe.  The  creation  of  the  railway  from  Central 
Russia  to  the  Afghan  and  Indian  frontiers  is  a  factor  in 
these  mutual    relations   which    needs    adjustment,   and 


whether  it.  means  bad  relations  springing  from  appre- 
hension, or  good  relations  based  upon  an  understanding, 
depends  upon  ourselves  alone. 


THE    P3NaMA    CANAL. 

ITS  OOMMKRCIAL  VALUK  TO  THK  UNITBD  STATB8. 

Ti/f R.  BENJAMIN  TAYLOR  contributes  to 
^^-^^  the  Monthly  Review  an  article  on  the 
Panama  Canal,  entided  '*  The  Wedding  of  the 
Oceans."  He  emphasises  the  fact  that  the  Suez 
Canal  offers  no  basis  of  comparison  to  those 
who  would  accurately  forecast  the  future  of  the 
new  canal. 

The  canal  will  doubtless  be  of  more  strategical  value  to 
the  United  States  than  of  commercial  value  to  any  of  the 
nations  ;  but  it  will  also  be  of  more  commercial  value  to 
the  United  States  than  to  any  other  nation.  Whether  it 
will  be  of  any  great  commercial  value  to  Great  Britain, 
or  whether  we  shall  derive  any  benefit  at  all  from  it 
except  in  the  general  enlargement  of  the  world's  com- 
merpe  may  be  open  to  doubt.  In  its  commercial  aspects 
a  canal  across  Central  America,  at  any  point,  is  strongly 
differentiated  from  the  one  across  Suez.  The  Suez 
waterway  connects  two  vast  and  thickly  populated  land 
areas  ;  the  Panama  Canal  will  connect  two  wide  oceans. 
East  of  Suez  are  the  teeming  millions  of  Asia,  waiting 
with  their  produce  for  the  markets  of  Europe  ;  west  of 
Suez  are  the  workshops  of  the  world..  East  of  Panama 
is  the  broad  Atlantic,  separating  the  canal  from  the 
workshops  and  markets  of  Europe  ;  west  of  it  are  6,000 
miles  of  ocean,  sprinkled  with  a  few  unconsidered  insular 
trifles.  Those  who  attempt  to  deduce  from  the  expe- 
rience of  Suez  a  forecast  of  the  future  of  Panama  cannot 
fail  to  get  far  astray.  There  is  no  basis  for  comparison, 
even  with  a  canal  through  Nicaragua,  which  would  have 
passed  through  a  region  capable  of  development  and  of 
furnishing  some  local  traffic. 


WHKRK   THK  UNITKD    STATES  WILL   SKRVK. 

He  thus  summarises  its  value  to  the  United 
States  :— 

But  in  the  case  of  the  American  canal,  if,  instead  of 
looking  east  and  west,  we  look  north  and  south,  a 
different  prospect  presents  itself.  The  waterway  will 
connect  the  busy  workshops  of  the  Eastern  States  of 
North  America  with  the  hobbledehoyish,  but  potentially 
industrious,  Republics  of  the  western  side  of  South 
America.  It  will  also  connect  the  Pacific  States  of  North 
America  with  the  Eastern  Republics  of  South  America, 
though  it  is  doubtful  if  much  interchange  of  tratiftc  will 
result.  California  and  Argentina  are  competing  wheat 
and  meat  producers,  and  neither  country  has  much  else 
that  the  other  wants.  The-  main  point  is  that  the 
commercial  wants  of  the  western  side  of  South  America 
are  at  present  almost  exclusively  supplied  from  Europe  ; 
in  future  they  will  probably  be  supplied  from  the  United 
States,  when  the  canal  brings  them  a  few  thousand  miles 
nearer  together.    Again,  it  is  expected,  and  with  some 
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show  of  reason,  that  when  the  canal  is  completed  every 
pound  of  cotton  required  by  the  growing  industries  of 
Japan  will  be  supplied  from  the  Southern  States  of  the 
American  Union.  And  there  can  be  little  doubt  that  the 
coal  of  West  Virginia  and  the  iron  of  the  Southern  States 
will  have  opened  up  to  them  wide  markets  from  which 
they  are  at  present  shut  out. 

ITS    BKNKPIT    TO    BRITISH    TRADE. 

This,  says  Mr.  Taylor,  is  problematic : — 

The  extent,  as  we  say,  to  which  British  trade  will 
l>enefit  by  the  canal  is  very  problematic.  For  Europe 
generally  the  gain  will  be  a  nearer  route  to  the  Pacific 
shores  of  North  and  South  America,  to  the  South  Sea 
Islands,  and  to  New  Zealand.  To  Canada  the  canal  will 
ultimately  be  of  first-rate  importance  when  she  is  more 
industrially  developed.  At  present,  however,  her  exports 
are  mainly  agricultural,  and  find  their  market  almost 
entirely  in  the  United  Kingdom  or  the  United  States. 

The  reduction  in  distances  is  all  in  favour  of  the 
United  States  ;  but  the  change  in  many  instances  pro- 
duces a  complete  reversal  of  the  advantage  which  British 
trade  at  present  enjoys.  By  the  Suez  Canal  England  is 
closer  than  the  United  States  to  Australia,  China,  and 
Japan  by  about  2,700  miles.  When  the  American  canal 
is  built,  the  cities  of  the  Atlantic  seaboard  of  North  America 
will  be  only  1,000  miles  farther  than  this  country  from 
Hong-Kong  and  Central  China ;  and  they  will  be 
upwards  of  1,200  miles  nearer  the  northern  ports 
of  China,  Korea,  and  Japan,  2,700  miles  nearer  to  the 
western  ports  of  South  America,  1,300  miles  nearer  to 
Melbourne,  and  more  than  3,000  miles  nearer  to  New 
Zealand.  The  Atlantic  termini  of  the  Nicaragua  and 
Panama  Canals  are  about  300  miles  apart,  but  are  about 
the  same  distance  from  New  York.  For  certain  ports 
each  route  is  shorter  than  the  other,  but  for  the  traffic 
as  a  whole  the  difference  in  sailing  distances  is 
unimportant. 

Although  it  i.s  not  too  much  to  predict  that  the  whole 
world  will  benefit  by  the  opening  of  the  canal,  the 
present  writer  adheres  to  the  opinion  he  has  before 
expressed,  that  the  commercial  value  of  such  a  waterway 
has  been  exaggerated. 

THE    NAVy  AND   THE    ENGINEER, 

'npHE  condition  of  the  engineering  branch  of 
-■*  the  Naval  service  is  the  subject  of  a 
further  article  in  the  Monthly  Review  for  August. 
Mr.  Carlyon  Bellairs,  whose  defence  of  the 
Admiralty's  position  appeared  in  the  May 
number  of  that  journal,  has  again  taken  up  the 
cudgels  in  reply  to  Mr.  D.  B.  Morison's 
vigorous  answer  to  Mr.  Arnold  Forster's  state- 
ments in  the  House  of  Commons  during  the 


debate  on  the  Naval  Estimates.  This  second 
article,  however,  is  a  long  way  behind  the  one 
that  appeared  in  June,  and  may  be  said  to  be 
somewhat  weak  and  inconclusive. 

The  following  excerpts  will  give  our  readers 
an  idea  of  the  strain  in  which  the  article  is 
written  : — 

It  is  regrettable  to  find,  in  the  threatening  language  used 
by  the  civil  engineering  associations,  indications  that 
what  is  sought  is  the  power  of  enforcing  advice,  to  be 
exercised  by  men  partially  acquainted  with  the  internal 
economy  of  a  navy,  and  who  have  no  idea  of  the  relations 
of  their  special  sphere  to  the  whole. 

It  is  evident  that  engineers  think  too  much  on  the 
surface,  or  they  would  not  argue  that  a  mistake  here  and 
there  is  a  sufficient  cause  for  revolutionising  the  system 
under  which  the  Navy  has  always  been  governed.  The 
bias  of  the  mechanical  mind  is  that,  dealing  with  easily 
ascertainable  causes  and  effects,  formula  and  routine 
methods,  it  believes  that  all  difficulties  are  capable  of 
solution  with  mechanical  precision.  Then,  when  argu- 
ment fails,  discredit  is  thrown  on  the  Admiralty,  and  Lord 
Selborne  is  represented  as  a  puppet. 

The  engineer  is  received  into  the  wardroom  on  his 
own  merits.  If  here  and  there,  as  is  the  case  with  military 
officers,  the  social  status  is  beneath  that  of  other  officers, 
and  it  is  necessary  to  make  it  equal,  the  nomination 
system  must  be  introduced,  as  in  the  executive  and 
accountant  branches.  There  will  be  no  lack  of  desirable 
candid*,  tes  if  a  better  balance  between  the  lower  and 
higher  grades  is  effected  by  the  reduction  of  the  number 
of  entries  and  the  substitution  for  watch-keeping  duties 
of  the  artificer-engineers. 

The  note  at  the  end  of  the  article  is  probably 
the  most  interesting.     It  runs  as  follows  : — 

A  strong  coni^ntion  has  been  put  forward  that  the 
number  of  enginef^r  officers  on  board  British  ships  is 
dangerously  insufficient.  It  is,  unfortunately,  impossible 
to  give  comparative  figures  of  artificers,  but  the  following 
figures  in  parentheses  \  give  the  number  of  engineer 
officers  in  typical  ships  ii^^  the  principal  navies  :  British 
battleships,  Renown  (7),  Rantillics  (8),  Canopus  (7,  exclu- 
sive of  an  inspector  of  machinery  for  service  with  the 
fleet),  Ccesar  (6) ;  French  battleships,  Saint-Louis,  Charle- 
magne ^  GauloiSf  Bouvet,  and  Jaur^guiherry  (4  engineer 
officers  each).  The  German  Witiclsbach  (5) ;  the  Russian 
Poltava  (7)  ;  and  the  American  Wisconsin  (5).  Turning 
to  typical  first-class  cruisers,  the  numbers  are  :  British, 
Kent  (7) ;  French,  Gueydon  (4) ;  German,  Furst  Bismarck, 
(4)  ;  Russian,  Bay  an  (6)  ;  and  American,  Brooklyn  (5).  1 
think  that  these  figures  must  give  pause  to  the  civil  en- 
gineering agitators  who  so  often  expose  themselves  to 
such  complete  refutation  as  to  induce  th-e  belief  that  they 
are  the  bad  workmen  of  their  professio/i,  for  they  start 
cutting  without  feeling  the  edge  of  their  lOols. 
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IRON  METALLURGY  AT  THE  DUSSELDORF 
EXHIBITION. 
T^HE  Diisseldorf  Exhibition  is  so  much 
-^  the  more  interesting  and  remarkable  as 
it  represents  the  industry  of  only  two 
German  provinces,  the  Rhine  and  WestphaUa, 
with  neighbouring  districts ;  but  at  the  same 
time  it  must  be  borne  in  mind  that  these  two 
provinces  contribute  a  very  important  contin- 
gent to  the  German  production  of  pig  iron  and 
finished  iron  and  steel.  As  German  ironmasters 
did  not  obtain  sufficient  space  at  the  Paris 
Exhibition  of  1900  to  make  a  display  worthy  of 
their  industry,  they  preferred  to  reserve  their 
forces  for  that  now  being  held  at  Diisseldorf; 
and  they  have  succeeded  beyond  all  possible 
expectation.  These  remarks  are  made  by  M. 
Alexandre  Gouvy,  formerly  manager  of  the 
Alais  Ironworks,  and  subsequently  of  some  steel- 
works in  Russia,  who  has  made  a  profound  study 
of  the  metallurgical  exhibits.  He  has  recorded 
the  results  of  his  observations  in  an  exhaustive 
communication  to  the  Societe  des  Ingenieurs 
Civils  de  France,  and  has  made  an  abstract  of 
the  same  for  the  Association  des  Ingenieurs  de 
Liege,  from  which  a  few  salient  points  are  here 
noted. 

KRUPP    PAVILION. 

The  first  steam  engine  erected  at  the  Krupp 
Works  finds  a  place  by  the  side  of  the  most 
powerful  modem  engines,  an  armour-plate 
weighing  106  tons,  a  hollow  lay  shaft,  45  metres 
(147^  ft.)  long,  weighing  52  tons,  and  the  most 
varied  steel  castings,  including  some  of  extra 
hard  quality.  A  railway  waggon  made  of  pressed 
steel  has  a  carrying  capacity  of  40  tons  for  a 
dead  weight  of  only  13-6  tons  ;  and  the  roll-train 


that  turned  out  the  106-ton  armour  plate  has 
rolls  4  metres  (13  ft.)  long. 


The  chief  exhibits  of  this  company  are  spare 
shafts  for  the  500-horse  Oechelhauser  and 
1,000-horse  Otto-Deutz  gas  engines  for  the 
electric  generating  station  at  the  works  ;  a  plate 
weighing  9*8  tons  and  another  weighing  8*15 
tons ;  a  rail,  76  metres  (250  ft.)  long,  weighing 
3*1 16  tons,  that  forms  a  hand-rail  in  the  middle 
of  the  pavilion;  steel  castings,  with  very  hard 
surface  made  by  the  Hunt  process  with  rotary 
moulds,  and  pressed  plates  for  the  frames  of 
waggons  and  locomotives. 

THK    BOOHUMKRrVKRKIN 

shows  crucible  cast-steel  bells  ;  an  enormous 
cast-steel  stern  post  for  a  twin-screw  steamer, 
15  metres  (49  ft.)  high  and  weighing  87  tons  ;  a 
converter  ring*  weighing  18  tons  ;  a  partially 
finished  cast-steel  cylinder  for  a  5,000-ton 
hydraulic  press,  absolutely  free  from  blow-holes 
although  weighing  34  tons  ;  cast-steel  locomotive 
wheels,  and  the  crank-shaft  of  a  i, 500-horse  gas 
engine. 

THK     KHRHARDT    PAVILION 

is  chiefly  distinguished  for  the  large  cylinders 
rolled  without  weld  at  Reisholz  by  a  special 
method,  which  Herr  Ehrhardt  has  only  brought 
to  perfection  after  long  and  costly  trials.  The 
parts  are  shown  in  the  various  phases  of  manu- 
facture, from  the  ingot  pierced  and  drawn  out 
under  the  hydraulic  press  to  the  finished 
cylinders  rolled  in  a  special  train,  with  the  upper 
roll  oscillating  and  adjustable  during  the 
operation.     In  this  manner  cylindrical  bodies 
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are  foimed  3-5  metres  (ii^  ft.)  long,  and  having 
a  diameter  of  more  than  2  metres  (6  ft.  6|  in.). 

THK  QUTKHOFFNUNQ8HUTTK,  OBKRHAU8KN, 

exhibits  a  1,000-horse  four-cylinder  Otto  gas- 
motor,  driving,  by  a  prolongation  of  the  fly- 
wheel shaft,  two  air  cylinders  fitted  with 
Corliss  inlet  valves  and  Stumpf  delivery  valves, 
these  blowing  cylinders  having  been  installed 
by  the  engineers  of  the  Oberhausen  Works, 
where  a  great  many  Otto  engines  have  for  a 
long  time  been  working  with  blast-furnace  gas. 

THK    MAOHINK    HALL 

contains  a  most  interesting  collection  of  iron- 
works appliances,  especially  motors  for  working 
with  blast-furnace  gas,  although  at  the  exhibi- 
tion this  is  replaced  by  producer  gas,  the  types 
represented  being — 

1.  The  700-horse  two-period  Oechelhauser 
motor,  driving  a  blowing  cylinder  that  draws  in 
500  cubic  metres  (17,658  cubic  feet)  of  air  at  100 
revolutions  per  minute,  and  delivers  it  at  a 
pressure  of  054  kilogrammes  per  square  centi- 
metre (7^  lbs.  per  square  inch).  This  motor  is 
distinguished  by  having  two  pistons  arranged 
back  to  back  in  one  and  the  same  cylinder,  with- 
out special  parts  for  admission  or  delivery,  the 
pistons  themselves  uncovering  the  orifices  ;  but, 
on  the  other  hand,  the  mixture  of  air  and  gas  is 
effected  by  a  special  compressor,  the  contrary 
motion  of  the  pistons  requiring  a  fly-wheel  shaft 
with  three  cranks. 

2.  The  500-horse  two-period  Korting  motor, 
which  also  works  a  blowing  cylinder  for  500 
cubic  metres  (17,658  cubic  feet)  of  air  at  100 
revolutions  per  minute,  delivering  it  at  a  pres- 
sure of  0*4  kilogramme  per  square  centimetre 
(5^  lbs.  per  square  inch),  this  cylinder  being  fitted 
with  Corliss  inlet  and  Stumpf  delivery  valves. 

3.  A  second  Korting  motor  of  700  h.p.,  driv- 
ing a  three-high  roll-train  for  medium  size  rails, 
this  being  the  first  rolling-mill  that  has  been 
made  to  work  by  a  gas  engine.  The  Korting 
motor  is  that  which  of  all  gas  engines  most 
nearly  resembles  the  steam  engine  in  general 
appearance,  the  gas  and  air  compressors 
(arranged  laterally)  having  the  appearance  of 
the  cylindrical  slide-valves  of  an  ordinary  engine. 
There  are  only  valves  for  the  admission,  the 
exhaust  being  effected  by  orifices  uncovered  by 
the  piston.     This  double  acting  piston,  working 


in  a  single  cylinder  closed  at  both  ends,  would 
cause  difficulty  with  unpurified  gas.  This 
however,  is  obviated  by  its  purification. 

4.  Louis  Soest  and  Co.  show  a  300-horse 
four-period  motor,  which  has  been  designed  to 
turn  to  account  the  experience  gained  with 
other  motors.  While  all  the  parts  are  easily 
replaced,  wear  is  reduced  to  a  minimum  and  all 
the  working  parts  are  kept  cool. 

COLLKCTIVK    MINK    KXHIBITIOIi. 

Here  may  be  found  self-charging  boilers,  a 
Weiss  central  condensation  arrangement,  a 
Tigler  briquette  press  at  work,  and  also  various 
fans  and  pumps.  The  large  Haniel  and  Lueg 
underground  pumping  engine  is  designed  to 
raise  25  cubic  metres  (5,500  gallons)  per  minute 
to  the  height  of  500  metres  (1,640  ft). 
Opposite  the  large  Humboldt-Kalk  headgear  is 
an  original  winding  engine,  with  vertical  com- 
pound cylinders,  the  pistons  of  which  work,  by 
rods  and  triangular  levers,  two  conical  half- 
drums  ;  and  near  it  is  a  compact  electrical  wind- 
ing engine,  capable  of  raising  a  useful  load  of 
4*2  tons  at  a  speed  of  20  metres  (65^  it)  per 
second. 

IIVIRELESS  TELEGRAPHY. 

THE  problem  to  be  solved  is  thus  stated  by 
M.  Victor  Thiran  :  To  send  through  space, 
by  means  of  a  small  transmitter,  signals  that 
can  be  received  at  the  greatest  possible  distance 
by  suitable  apparatus,  without  the  sending  and 
receiving  stations  being  connected  in  any 
manner  ;  and  he  divides  the  attempts  made  to 
solve  this  problem  into  four  categories,  in  relation 
to  the  experiments  which  have  been  made  with 
sonorous,  luminous,  electro-magnetic  or  electric 
waves,  passing  rapidly  over  the  first  three,  but 
dealing  at  greater  length  with  the  solution  by 
electric  waves,  which  alone  appear  calculated 
to  afford  a  complete  solution  of  the  problem. 

After  recounting  to  the  Society  of  Hainaut 
Engineers  the  experiments  of  Hertz,  Popoff,  and 
Marconi,  the  author  described  those  with  very 
compact  appliances  by  M.  Ducretet,  of  Paris, 
whose  signals,  sent  from  the  Eiffel  Tower  to  the 
Pantheon,  a  distance  of  4  kilometres  {2^  miles), 
were  received  with  perfect  distinctness.  In 
Belgium  conclusive  experiments  were  made 
between  La  Panne  and  the  mail  steamer  Princess 
Clementine,  for    a    distance    of   80    kilometres 
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(so  miles);  and  messages  sent  from  Brussels  were 
''  received  accurately  at  Malines,or  Mechlin,  while 
those  in  the  reverse  direction  were  indistinct, 
owing,  it  is  supposed,  to  the  masses  of  metal  at  the 
receiving  station,  the  Colonne  du  Congres,  as 
indeed  was  also  the  case  with  the  return 
messages  sent  from  the  Pantheon  to  the  Eiffel 
Tower. 

Notwithstanding  the  important  resiilts  ob- 
tained, several  gaps  still  remain  to  be  filled. 
The  transmitting  instrument  sent  signals  in  all 
directions,  each  one  of  which  could  receive 
them  ;  and  in  the  event  of  there  being  several 
stations  along  a  given  radius,  all  the  signals 
mingled  and  became  confused.  Moreover,  it  is 
evident  that,  for  extending  the  distance^  to  be 
traversed,  the  length  of  the  antennae  cannot  be 
increased  indefinitely,  any  more  than  can  the 
power  of  the  coils  employed.  Accordingly,  a 
legion  of  inventors  endeavoured  to  realise  these 
various  improvements,  and  proposed  a  great 
many  methods ;  but  those  that  have  been 
subjected  to  practical  trials  are  for  the  most 
part  founded  on  •  the  principle  of  "  syntonisa- 
tion/'  i.e.y  imitating  the  acoustic  phenomenon 
of  resonance. 

Marconi  has  succeeded  in  greatly  reducing 
the  height  of  the  antennae  necessary,  and  has 
transmitted  signals  to  a  distance  of  50  kilometres 
(31  miles),  with  antennae  consisting  of  hollow 
cylinders,  only  1*25  metres  (4  ft.)  high  and  40 
centimetres  (15I  in.)  in  diameter.  His  experi- 
ments also  tend  to  prove  that  he  is  very  near 
solving  the  problem  of  syntonisation.  By 
electrically  *•  tuning*'  his  transmitting  and 
receiving  instruments  so  that  the  latter  can  only 
be  influenced  for  waves  of  determined  length, 
and  solely  by  them,  he  has  succeeded  in  operat- 
ing ten  transmitters  connected  with  one  and  the 
same  antenna,  each  sending  its  message  to  one 
only  of  ten  receptors  placed  side  by  side,  and 
also  utilising  a  single  receiving  antenna. 

According  to  Guarini  and  Poincarre,  this 
system  is  incomplete,  because  Thomson's 
formula,  on  which  it  is  founded,  applies  only 
to  the  principal  oscillation,  taking  no  account 
of  secondary  oscillations,  the  effects  of  which 
may  be  felt  to  a  distance  of  20  kilometres  (12^ 
miles).  With  this  system  multiple  and  simul- 
taneous telegraphy  would  be  impossible  in  both 
directions,  because  the  receiving  instruments 
must  t>e  at  least  20  kilometres  (12^  miles)  apart, 


in  order  not  to  be  influenced  by  the  correspond- 
ing transmitter. 

Guarini  endeavours  to  ensure  the  secrecy  of 
a  message  in  a  manner  different  from  that  of 
Thomson.  The  electric  waves  emitted  by  the 
antenna  of  the  transmitting  station  radiate 
normally  to  its  surface  and  in  all  directions. 
By  means  of  a  longitudinal  slit  in  the  metal 
sheath  of  a  carefully  insulated  wire,  Guarini 
restricts  the  electric  radiations  to  a  narrow 
pencil,  or  series,  which  he  transmits  to  the 
receiving  antennae,  so  arranged  as  to  receive 
none  but  the  radiations  emitted  by  the  trans- 
mitting station  ;  but  it  is  evident  that  all  the 
stations  comprised  in  the  direction  of  the 
pencil,  or  series,  can  receive  the  messages 
intended  for  another  station. 

The  Slaby-Arco  system,  which  enjoys  a  certain 
amount  of  favour  in  several  countries,  differs 
from  that  of  Marconi  in  the  connections  of  the 
antennae.  In  the  latter  system  there  is  an  open 
circuit  between  the  top  of  an  antenna  and  the 
earth,  while  in  the  Slaby-Arco  system  the  circuit 
is  closed  by  the  earth,  since  the  summits  of  the 
transmitting  and  receiving  antennae  are  in  com- 
munication with  the  soil  ;  and  in  addition  the 
Slaby  antenna  is  constituted  by  a  mass  of  metal 
wires. 

In  fine,  the  progress  made  since  the  first 
practical  attempts  at  wireless  telegraphy  in  1897 
has  been  enormous  ;  and  the  author  concludes 
that  electric  waves  will  before  long  form  an 
invisible  network  of  vibrations  round  the  \yorld. 

GOLD  IN  THE  SALONIKI  REGION. 

OF  all  the  regions  in  European  Turkey, 
certainly  that  of  Saloniki  most  interests 
the  geologist,  while  recalling  the  grand  phe- 
nomena of  past  ages.  The  glacial  period 
here  exerted  intense  influence  ;  and  there  are 
few  hills  or  mountains  that  do  not  bear  in- 
effaceable evidence  of  the  passage  of  the 
"  grands  laboureurs,"  while  the  insignificance  of 
the  erosive  phenomena  has  preserved  this 
evidence  almost  intact  from  the  most  remote 
period  to  the  present  day.  No  vegetation  inter- 
feres with  geological  research,  and  no  violent 
erosion  suggests  a  wavering  of  the  judgment, 
while  the  glacial  deposits  have  scarcely  suffered 
the  ravages  of  time.  The  few  streams  which 
flow  through  them  have  simply  worn  a  shallow 
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bed,  the  banks  of  which,  generally  vertical, 
permit  of  easily  studying  the  nature  and  inti- 
mate constitution  of  the  deposits. 

Thus  opens  a  communication  to  the  Sociele 
de  Vlnduslrie  Minerale  on  the  glacial  forma- 
tions and  auriferous  deposits  of  the  Saloniki 
region,  by  M.  Francois  Blanc,  who  observes  that 
it  will  be  readily  understood  how  interesting  is 
a  geological  study  under  such  conditions,  very 
rare  in  Europe,  where  erosion  daily  pursues  its 
work  of  destruction.  In  the  Saloniki  region  the 
erosive  phenomena  characterising  epochs  later 
than,  or  contemporary  with,  the  glacial  period 
have  suddenly  ceased ;  and  since  the  most 
remote  times  the  streams  have  but  little  worn 
away  their  banks.  The  region  under  notice 
may  be  regarded  as  a  vast  circle  of  about 
loo  kilometres  (62  miles)  diameter,  bounded  by 
high  mountains,  but  open  to  the  sea  on  two 
sides — to  the  south-west  on  the  Gulf  of  Saloniki, 
and  to  the  south-east  on  that  of  Orfanio. 

QKOLOQICAL   DK80RIPTI0N. 

The  primitive  rocks  (gneiss,  schist,  and  mica- 
schist)  predominate,  constituting  all  the  moun- 
tain masses.  At  no  point  have  there  been 
found  to  exist  sedimentary  deposits  anterior  to 
the  tertiary  epoch,  except,  perhaps,  at  Maku- 
kovo,  where  carbonaceous  shales  and  sand- 
stones may  be  perceived  at  places  in  the  beds 
of  the  streams,  overlain  by  deposits  of  glacial 
origin.  The  chief  eruptive  rocks  are  the 
peridotites,  which  make  their  appearance  at 
several  points,  especially  along  a  well-deter- 
mined line ;  and  a  considerable  trachytic  peak 
has  been  noticed  at  Dohantza. 

It  is  very  remarkable  that  limestone  has  not 
been  found  in  the  Karadagh  mass  ;  and  to  this 
exceptional  fact  is  due  the  possibility  of  recon- 
stituting the  successive  periods  of  the  glacial 
invasion  which  at  a  given  moment  covered  the 
region.  Another  no  less  remarkable  fact  is 
that  all  the  alluvia,  or  deposits  of  whatever 
nature,  issuing  from  the  Karadagh  are  auriferous, 
whence  it  happens  that,  whenever  alluvia  or 
deposits  free  from  calcareous  elements  occur  in 
the  Saloniki  region,  there  is  a  certainty  of  their 
being  auriferous.  These  two  facts  confirm  one 
another,  and  have  permitted  of  synthetically 
studying  the  geology  of  a  whole  region,  if  this 
expression  be  permissible  ;  and,  indeed,  they 
permit  at  points  even    far  distant  of  charac- 


terising the  origin  of  alluvia  and  of  tracing 
them  to  their  source.  Such  a  study  is  possible 
under  these  circumstances,  and  will  permit  of 
reconstituting,  from  their  track  or  the  debris 
evidencing  their  passage,  the  ravages  of  the 
**  great  ploughmen.*' 

THK    GLACIAL    DKP08IT8. 

It  may  be  said  generally  that  in  the  circus 
comprised  within  the  Rivers  Vardar  and  Karasou, 
the  Gulf  of  Saloniki  and  the  Kortiatch  chain, 
deposits  of  glacial  origin  cover  all  the  points 
where  primitive  rocks  do  not  crop  out ;  and 
these  deposits  chiefly  occur  in  the  western 
portion  of  the  circus,  the  middle  being  almost 
entirely  free  from. them.  In  the  Klkch  region 
their  intensity  is  such  as  to  escape  all  analysis, 
only  permitting  the  casual  observer  to  form 
uncertain  hypotheses  as  to  their  origin  ;  and 
to  find  them  with  their  true  characteristics 
they  must  be  studied  in  the  immediate  neigh- 
bourhood of  Saloniki.  A  study  of  the  different 
glacial  deposits  in  this  neighbourhood  has  led 
the  author  to  assign  them  a  common  origin,  and 
has  demonstrated  the  existence,  at  the  glacial 
epoch,  of  an  immense  glacier  which  came*  into 
contact  with  the  Kortiatch  chain  and  passed  it 
at  all  the  indentations,  thus  sending  numerous 
ramifications  into  the  present  plain  of  Saloniki. 

AURIFKROUS   DKPOSITt. 

It  may  be  said  that,  as  a  rule,  in  the  whole 
perimeter  comprised  between  the  Rivers  Vardar, 
Karasou,  and  its  tributary,  the  Boutkova,  and 
the  Langaza  depression,  there  is  not  a  stream 
that  does  not  carry  down  gold-bearing  sand. 
In  these  regions  gold  occurs  in  the  form  of  dust 
and  also  of  nuggets ;  but  the  latter  are  only 
found  at  certain  points,  while  their  weight  has 
never  been  known  to  exceed  20  grammes 
(i  oz.).  As  to  the  dust,  which  constitutes  the 
greater  portion  of  the  gold  collected  by  the 
inhabitants,  it  is  very  fine,  readily  floating  in  the 
cradles,  and  thus  rendering  even  an  approxi- 
mate estimation  of  the  richness  of  the  sand 
especially  difficult. 

Nor  does  washing  with  the  sluice  afford  any 
better  indication.  Owing  to  the  large  quantity 
of  magnetite  in  the  sand,  the  spaces  at  the 
bottom  of  the  sluice,  where  the  gold  should 
accumulate,  are  soon  filled  up  ;  and,  when  this 
takes  place,  the  tenuity  of  the  gold  does  not 
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permit  it  to  lodge  there  free  from  the  action  of 
the  current.  It  thus  happens  that  a  sample 
weighing  a  ton  shows  scarcely  any  more  gold 
than  does  one  of  2  cwt. ;  and  this  circumstance 
explains  the  fact  that  the  gold  wealth  of  many 
rivers  is  approximately  the  same  over  the  whole 
length  of  their  courses. 

There  is  also  little  certainty  as  to  the  gold 
content  in  the  alluvium  constituting  the  high 
terraces.  Some  analyses  have  shown  5  grammes 
(i  oz.)  to  the  ton  ;  but  it  is  more  probable  that 
the  real  content  does  not  attain  half  that  figure. 
Considering  the  enormous  extent  of  the 
alluvia,  their  slight  cohesion,  and  their 
uniformity  as  regards  richness,  such  a  content 
may  permit  of  remunerative  working  ;  but  the 
treatment  must  be  appropriate  to  the  physical 
state  of  the  gold.  Methodical  prospecting  may 
also  afford  the  chance  of  finding  rich  places  in 
the  region  of  the  Karadagh,  nuggets  of  20 
grammes  (§  oz.)  having  been  found  at  various 
points.  To  be  of  any  use,  explorations  should 
be  carried  to  a  certain  depth,  because  the 
presence  of  old  workings  leaves  little  chance  of 
finding  virgin  alluvia  at  all  rich  near  the 
surface.  On  the  whole,  concludes  M.  Blanc, 
the  whole  region  of  the  Karadagh  affords  a 
vast  field  of  exploration  to  future  prospectors. 

NEW  EJECTO-CONDENSER. 

INVENTED  by  Alexander  Morton,  of 
^  Glasgow,  in  1867,  nine  years  after  the  Giffard 
injector,  of  which  .they  are  a  generalisation,  the 
ejecto-condensers  were  perfected  and  brought 
out  chiefly  by  the  Brothers  Korting.  In  these 
appliances  the  motive  fluid,  steam,  arrives  by 
an  annular  pipe  surrounding  the  induced  jet  of 
water  ;  and  Professor  Boulvin  describes  them  as 
Giffard  injectors  taking  their  motive  steam  from 
the  cylinder  and  delivering  at  atmospheric 
pressure. 

As  explained  to  the  Societe  de  Vlndustrie 
Mtnerale  by  Professor  Rateau,  bis  ejecto-con- 
denser  consists,  Uke  the  others,  of  three  distinct 
parts,  viz.,  (i)  the  convergent  nozzles,  by  which 
arrive  the  two  fluid  currents,  one  of  them, 
aYinular,  surrounding  the  other  ;  (2)  the  mixer, 
in  which  the  steam,  outside  the  water,  becomes 
condensed  on  contact  with  the  water,  with  a 
considerable  change  in  the  mean  specific  weight 
of  the  fluids  ;  and  (3)  the  divergent  diffuser,  in 


which  the  speed  of  the  whole  current  issuing 
from  the  mixer  is  reduced  and  partially  trans- 
formed into  useful  pressure,  the  diffuser  being 
connected  with  the  mixer  by  a  throttled  section 
called,  by  the  inventor,  the  neck. 

CHARACTKRI8TICS   OF   THK    NKW    FORM. 

The  new  ejecto-condenser  is  characterised 
by  (i)  its  injection  pipe,  which  gives  the  jet  a 
special  form,  ensuring  rapid  condensation  of  the 
steam;  (2)  a  regulating  of  the  water  volume  ; 
and  (3)  a  special  arrangement  of  retaining  valve. 
The  injection  pipe,  a  cross  section  of  which  has 
the  appearance  of  a  star  with  several  rays, 
delivers  a  jet  of  water  divided  into  thin  sheets, 
the  perimeter  of  which  is  about  three  times 
that  of  the  full  circular  jet  corresponding  with 
the  same  volume.  The  special  regulating  ar- 
rangement permits  of  varying  the  water  volume 
in  accordance  with  the  power  of  the  engine, 
whereas  in  all  previous  injecto-condensers  the 
expenditure  of  water  is  constant  whatever  be 
the  quantity  of  steam.  The  retaining  valve, 
which  is  hollow  and  bi-conical,  prevents  the 
water  from  entering  the  cylinder  during 
stoppages. 

THK   THKORV    OF    CJKCTO-CONDKNSKR8 

is  founded  on  the  theorem  of  conservation 
of  the  quantities  of  motion  during  the  shock  of 
the  two  fluid  currents  in  the  mixer  ;  and  then, 
for  estimating  the  pressure  which  the  vis  viva 
can  overcome  in  the  divergent  diffuser,  account 
must  be  taken,  on  the  one  hand,  of  loss  by  fric- 
tion and  eddying  in  this  portion  of  the  appli- 
ance, and  on  the  other  hand  of  the  effects  pro- 
duced  by  the  induced  air  and  the  steam,  the 
condensation  of  which  may  not  be  complete 
when  the  fluid  current  leaves  the  mixer  to 
enter  the  diffuser. 


The  air  which  penetrates  into  ejecto-con- 
densers greatly  interferes  with  their  working, 
as  it  occasions  a  reduction  in  the  height  of  pres- 
sure that  they  can  afford,  and  also  a  diminution 
in  the  vacuum,  which  would  otherwise  be 
perfect.  This  air  proceeds  partly  from  the  con- 
densation water,  which  dissolves  about  17  per 
cent,  of  its  volume  at  ordinary  temperatures,  but 
also,  and  especially,  from  the  exhaust  steam, 
because  it  is  contained  in  the  water  for  feeding 
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the  boilers ;  and  air  also  enters  by  the  stuffing- 
boxes  and  slide-valves,  and  at  the  pipe  joints, 
so  that  at  least  4  per  cent,  must  be  allowed  for 
it  altogether.  To  the  disadvantageous  action 
of  the  air  is  also  added  that  of  the  uncondensed 
steam ;  and  there  is  reason  to  suppose  that  the 
steam  is  not  entirely  condensed  when  the  fluid 
current  traverses  the  neck  of  the  appliance. 
The  proportion  of  uncondensed  steam  is  evi- 
dently so  much  greater  as  there  is  more  air  to 
interfere  with  the  condensation;  and  less  differ- 
ence between  the  temperature  of  the  steam  and 
that  of  the  water  on  leaving  the  mixer. 


LAW. 


An  experimental  determination  of  this  differ- 
ence leads  to  results  which  permit  the  author  to 
formulate  the  following  simple  and  remarkable 
law :  For  an  appliance  working  under  deter- 
mined conditions  of  water  pressure  above  and 
below  (up-stream  and  down-stream),  the  differ- 
ence in  temperature  between  the  steam  and  the 
water  is  practically  constant,  whatever  be  the 
volume  of  steam  expended. 

COMPARISON    BKTWHN    THK    RATKAU  AND  OTHKR 
CJKCTO-CONDKN8KRS. 

A  comparison  of  the  curve  representing  the 
vacuum  obtained  by  the  new  ejecto-condenser 
with  that  by  the  condenser  of  a  Corliss  engine 
at  the  Creusot  Works  shows  that  the  former 
appliance  affords  practically  the  same  degree  of 
vacuum,  but  that  beyond  30  deg.  Cent.  (86  deg. 
Fahr.),  and  as  the  temperature  increases,  it 
becomes  more  and  more  inferior.  At  ordinary 
temperatures  of  working,  however — i.e.,  between 
30  deg.  and  35  deg.  Cent,  (mean  90  deg.  Fahr.), 
— the  difference  is  slight,  being  only  about  27 
millimetres  (13^2  in.  of  mercury).  For  an  equal 
expenditure  of  condensation  water,  therefore, 
ejecto-condensers  afford,  under  normal  condi- 
tions, a  vacuum  practically  equal,  or  at  any  rate 
but  little  inferior,  to  that  obtained  with  good 
ordinary  condensers. 


CJKCT0-CONDKN8KR. 

Although  ejecto-condensers  may  be  placed  in 
any  position,  the  vertical  arrangement  is  best, 
because  it  favours  the  action  of  gravity. 
They  may  be  applied  to  any  type  of  engine, 
especially  those  running  at  a  high  speed.  Their 
chief  advantages  are  simpHcity,  slight  first  cost. 


small  space  occupied,  and  especially  the  absence 
of  delicate  parts,  so  that  they  cannot  get  out 
of  order,  while  they  require  no  attention. 
Perfect  regularity  of  working  may  be  secured 
by  avoiding  the  entrance  of  air  and  by  forcing 
water  into  the  appliance  if  it  be  not  under 
pressure,  or  by  hanging  the  ejecto  a  few 
metres  above  an  evacuation  basin,  filled 
with  water  by  natural  flow  or  by  a  centrifugal 
pump. 

Owing  to  their  simplicity,  ejecto-condensers 
may  easily  be  fitted  to  small  steam  engines,  even 
those  of  10  to  15  h.p. ;  and  at  the. same  time 
there  is  no  difficulty  in  extending  their  use  to 
large  engines,  because  they  are  capable  of  dealing 
with  as  much  as  20  tons  of  steam  per  hour.  They 
are  therefore,  equally  with  injection  or  surface 
condensers,  suitable  for  the  central  condensation 
plants  of  works  and  mines  ;  and  a  single  ejecto- 
condenser  will  in  most  cases  suffice  to  deal  with 
the  steam  of  an  ordinary  pit. 

Winding  engines  and  those  driving  roll-trains 
stop  every  minute  or  every  two  minutes,  when 
steam  admission  and  exhaust  cease  ;  and,  when 
the  engines  are  started  again,  they  discharge  a 
large  quantity  of  steam.  Such  variations  in  the 
exhaust  are  met  perfectly  well  by  ejecto-con- 
densers with  water  under  pressure  or  a  suction 
pipe  ;  but  there  must  be  a  constant  volume  of 
water,  corresponding  with  that  of  steam  at  the 
maximum,  and  therefore  far  greater  than  that 
merely  necessary  for  the  mean. 

It  is  true  that  this  difficulty  may  be  overcome 
by  adopting  M.  Rateau's  method  of  automati- 
cally regulating  the  water  injection  and  shutting 
off  the  admission  during  stoppage  ;  but  the 
volume  cannot  well  be  reduced  by  more  than 
half,  so  that  it  is  preferable  to  employ  hts  steam 
accumulator,  which,  interposed  between  engine 
and  condenser,  transforms  the  intermittent  flow 
of  steam  into  a  continuous  flow,  and  thus 
permits  of  determining  the  volume  of  condensa- 
tion water.  This  simple  appliance  consists  of  a 
cylindrical  plate-iron  receiver,  in  which  are 
piled  shallow  cast-iron  basins,  for  dividing  the 
water  into  thin  sheets ;  and  this  accumulator, 
a  veritable  calorific  fly-wheel,  acts  as  a  con- 
denser when  it  receives  a  large  mass  of  steam, 
but  as  a  generator  when  the  engine  stops,  the 
alternate  condensation  and  vaporisation  corre- 
sponding with  slight  variations  of  pressure. 

Although,   concludes   Professor  Rateau,   this 
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combination  of  the  accumulator  with  the  ejecto- 
condenser  satisfactorily  solves  the  problem  of 
condensation  for  engines  working  intermittently, 
it  does,  not  afford  the  perfect  combination  which 
he  recommends.  There  is  a  fourth  element  which 
should  be  introduced  between  the  accumulator 
and  the  condenser,  viz.,  the  low-pressure  steam 
turbine  driving  an  electric  generator ;  and  then 
will  be  realised  the  complete  series — boiler, 
engine,  accumulator,  low-pressure  turbine  and 
condenser,  affording  the  best  possible  utilisation 
of  the  energy  afforded  by  a  given  volume  of' 
steam.  

NEW  INTENSIVE  FURNACE, 
TN  all  existing  furnaces  the  walls,  and  arched 
^  roof  are  smooth,  which  the  Baron  Fernand 
Del  Marmol  considers  a  mistake:  In  November 
last  he  brought  a  model  of  his  new  arrangement 
before  the  Liege  Engineers*  Association;  and 
during  the  present  year  the  system  has  been 
tried  on  a  large  scale,  applied  to  glass  and  steel 
melting  furnaces,  with  a  theoretical  increase  of 
60  per  cent,  in  the  production,  though  the  in- 
ventor is  satisfied  with  claiming  20  per  cent. 

AVith  the  present  smooth  surfaces,  the  gases 
of  combustion  follow  them  in  a  parallel  direction 
without  mingling  ;  but  if  the  surfaces  be  made 
irregular,  Hke  a  honeycomb,  the  gases,  entering 
the  cavities  and  then  leaving  them  through  the 
efiFect  of  the  draught,  while  taking  a  diagonal 
direction,  will  come  into  contact  with  the  gases 
from  the  middle  of  the  furnace,  multiplying  the 
points  of  contact,  favouring  combustion  and 
producing  a  more  intense  heat  with  the  same 
quantity  of  coal. 

These  irregular  surfaces  are  produced  by 
setting  in  (or  back)  every  other  brick  to  the 
extent  of  half  a  brick,  or  by  building  out 
(forward)  every  two  or  more  bricks,  so  as  to 
produce  a  checkerwork,  which  proceeds  quite 
as  quickly  as  the  ordinary  form  of  brickwork, 
and  may  be  executed  as  cheaply,  no  matter 
what  be  the  nature  of  the  furnace. 

RK8ULT8. 

It  was  stated  to  the  Charleroi  section  of  the 
at)Ove-named  association  that,  with  a  small  trial 
furnace  on  the  new  system  for  melting  glass, 
fusion  was  effected  in  from  two  and  a  half  to 


three  hours,  against  nine  to  ten  hours  in  a 
similar  furnace  with  smooth  sides ;  and  in  a 
large  steel-melting  furnace  ingots  were  treated 
more  rapidly,  the  high  temperature  being 
practically  uniform  over  all  the  second  half  of 
the  furnace. 

MAINTAINING  THE  AIR  CUSHION  IN  STEAM 
PUMPS. 

TNSPIRED  by  the  Piron  hydraulic  ram, 
^  M.  Thiran  succeeded  in  introducing  air  into 
the  air-vessel  of  a  Tangye  steam  pump  provided 
with  no  mechanism  for  that  purpose  ;  and  the 
following  description  of  his  arrangement  is 
contained  in  a  paper  to  the  Sociele  des  Ingenieurs 
du  HainauL 

A  small  vertical  cylinder  attached  to  the  air- 
vessel  is  surmounted  by  two  valves,  one  for 
drawing  in  air  and  the  other  for  delivering  it 
into  the  air-vessel.  The  bottom  of  the  cyhnder 
is  connected  by  a  pipe  with  the  steam  pump  in 
such  a  manner  that  it  can  be  influenced  by  the 
inlet  and  delivery  valves  of  the  latter. 

As  the  water  in  the  small  vertical  cylinder 
forms  a  piston,  when  the  pump  draws  in  water 
the  lever  falls  in  the  small  cylinder,  the  air 
entering  by  its  inlet  valve  ;  and,  at  the  return 
stroke  of  the  plunger,  the  air  drawn  in  is  forced 
into  the  air-vessel  through  the  delivery  valve  of 
the  small  cyhnder  and  the  pipe  connecting  it 
with  the  air-vessel.  In  fact,  when  the  delivery 
valve  opens  the  same  pressure  is  exerted  on  the 
water  in  the  air-vessel  and  that  in  the  small 
cylinder,  the  equihbrium  that  has  a  tendency  to 
s^t  itself  up  between  the  two  levels  having  the 
effect  of  forcing  air  from  the  small  cylinder 
into  the  air-vessel.  A  small  plug-cock,  between 
the  bottom  of  the  small  cylinder  and .  the  pipe 
connecting  it  with  the  pump,  permits  of 
regulating  as  may  be  desired  the  quantity  of  air 
to  be  introduced,  by  accelerating  or  retarding 
the  motion  of  water  in  the  cyhnder. 

Before  the  adoption  of  this  arrangement  all 
the  joints  in  the  delivery  pipe  of  the  pump,  for 
a  length  of  300  metres  (984  ft.)  gave  out  each 
time  the  pump  was  started ;  but  since  the 
appliance  has  been  added  the  joints  have  lasted 
the  usual  time,  while  the  arrangement  has  the 
advantage  of  being  .  simple,  inexpensive,  and 
applicable  to  any  pump. 
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«' AMERICAN  INDUSTRIAL  CONDITIONS  AND 
COMPETITION." 

Reports  of  the  Commissioners  appointed  by  the 
British  Iron  Trade  Association  to  enquire  into 
the  Iron,  Steel,  and  alh'ed  industries  of  the 
United  States.  Edited  by  J.  Stephen  Jeans. 
London  :  Offices  of  the  British  Iron  Trade 
Association,  165,  Strand,  London,  W.C. 

COME  time  ago  the  British  Iron  Trade 
^  Association  decided  to  send  out  a  Com- 
mission to  report  on  the  industrial  conditions 
in,  and  competition  from,  the  United  States. 
The  Commissioners  included  Mr.  Axel  Sahlin, 
who  reports  on  pig-iron  manufacture  ;  Mr. 
Enoch  James,  who  takes  up  general  steel  works 
practice  ;  and  Mr.  E.  Parkes,'M.P.,  who  deals 
with  sheet  and  bar-mill  practice.  The  economic 
and  industrial  section  has  been  undertaken  by 
Mr.  J.  Stephen  Jeans,  who  also  edits  the 
volume. 

It  is  obviously  impossible  in  a  short  review  to 
do  justice  to  a  volume  which  extends  to  some 
600  pages,  and  contains  so  many  maps,  diagrams, 
and  illustrations.  It  may  at  once  be  said,  how- 
ever, that  it  is  by  far  the  most  comprehensive 
thing  of  its  kind  that  has  yet  been  attempted, 
and  one  which  focusses  within  reasonable  Hmits 
all  the  most  important  facts  and  figures  relating 
to  the   subject  with  which    it   deals.     Indeed, 


several  of  the  large  works  have  arranged  for 
the  distribution  of  copies  to  the  heads  and 
foremen  of  their  various  departments ;  and  if 
such  officials  as  these  are  thereby  made 
acquainted  with  the  conditions  they  have  to 
face,  the  volume  should  render  an  invaluable 
and  lasting  service  to  British  industry.  Inci- 
dentally it  may  be  remarked  that  the  reception 
accorded  the  Commission  was  most  generous. 
Mr.  C.  M.  Schwab  threw  open  all  the  works  of 
the  United  States  Steel  Corporation,  and  others 
were  equally  courteous. 

Mr.  Jeans,  whose  report  is  by  far  the  largest, 
attributes  the  recent  remarkable  progress  of 
American  trade  to  the  low  price  of  raw  materials, 
the  low  cost  of  labour  measured  in  terms  of 
efficiency,  and  the  cheapness  of  railway  trans- 
port. Mr.  Sahlin  is  in  agreement  with  these 
conclusions  ;  but,  on  the  other  hand,  Mr.  Enoch 
James,  writing  of  steel  works  practice,  remarks: 
•*  After  much  consideration  the  conclusion  I 
have  arrived  at  is  that  the  American  workmen 
do  not  work  so  hard  as  the  men  in  England. 
.  .  .  They  are  much  more  desirous  of  getting 
out  large  quantities."  More  and  closer  super- 
vision was  noted.  Mr.  Jeans  informs  us  that 
private  firms  are  not  afraid  of  the  Steel  Corpora- 
tion or  Trust.  **  In  every  part  of  the  United 
States,"  we  read,  **  plants  are  entering  the  lists 
to  compete  against  the  Steel  Corporation.     It 
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has  been  observed/*  continues  Mr.  Jeans,  *^  that 
the  best  returns  on  capital  during  the  Mean 
years '  were  not  generally  those  of  the  larger 
enterprises,  but  those  of  a  few  smaller  firms." 
On  the  subject  of  trade  unions,  we  learn  that 
**  few  employers  are  ready  to  acknowledge  that 
they  have  any  influence  worth  naming."  Space 
will  not  permit  us  to  place  this  excellent  work 
under  further  contribution,  and  we  can  do  little 
more  than  gi\e  a  clue  to  its  varied  contents. 
We  recommend  it,  however,  to  the  serious  con- 
sideration and  attention  of  our  readers. 

''  SUBMARINE  WARFARE,  PAST,  PRESENT, 
AND  FUTURE." 

Grant  Richards.  7s.  6d.  net. 
lyTR.  HERBERT  C.  FYFE,  the  author 
-^^^-^  of  the  article  on  ** Submarine  Boats" 
which  appeared  in  our  last  issue,  has  given  us 
in  this  volume  the  result  of  several  years* 
careful  study,  and  has  at  the  same  time 
succeeded  in  presenting  the  subject  in  an  inter- 
esting and  popular  form.  An  introduction  has 
been  written  by  Admiral  the  Hon.  Sir  E.  R. 
Fremantle,  G.C.B.,  C.M.G.  ;  and  Sir  Edward  J. 
Reed,  K.C.B  ,  F.R.S.,  contributes  a  short  article 
on  the  probable  future  of  submarine  boat  build- 
ing. The  latter  eminent  authority  on  naval 
construction  thinks  that  the  future  development 
of  submarine  engineering  will  be  on  triple 
lines  : — 

(I)  Vessels  for  the  defence  of  ports  and  harbours,  with 
sutficient  means  of  proceeding  outside  to  give  the  defence 
a  certain  limited  power  of  attack  in  the  approaches  ; 
2)  vessels  primarily  designed  for  attack,  and  therefore 
capable  of  proceeding  to  sea  for  considerable  distances  ; 
and  (3)  snialler  vessels  to  be  taken  to  sea  in  ships,  as  part 
of  their  equipment,  and  capable  of  being  lowered  to  take 
part  in  a  battle,  and  raised  again,  and  re-stowed  on  board 
when  no  longer  needed  in  action. 

Mr.  Fyfe  divides  his  book  into  three  sections  : 
the  first  deals  with  the  construction  of  the 
modern  under-water  vessel,  and  its  value  in 
naval  warfare  ;  the  second  gives  a  short  history 
of  its  development  up  to  the  present  time  ;  and 
the  third  forms  a  valuable  appendix  to  the  whole 
work.  The  author's  ideal  submarine  boat 
has,  he  remarks,  "  a  speed  as  great  as  that  of 
the  fastest  torpedo-boat,  and  a  very  wide  radius 
of  action,  excellent  sea-keeping  powers,  un- 
limited quantities  of  air  for  power  and  for 
respiration  by  thp  crew  ;  a  means  of  directing 
its  course  by  vision  upon  a  moving  object  whilst 


itself  remaining  invisible  beneath  the  surface  ; 
and  is  very  habitable  and  comfortable  for  long 
periods." 

A  chapter  is  devoted  to  the  discussion  of  a 
possible  **  antidote  to  submarines."  Various 
defensive  projects  are  described,  but  Mr.  Fyfe 
is  inchned  to  deprecate  their  claims  to 
efficiency.  "  The  means  of  attack  against  sub- 
marines at  present  are  (i)  by  quick-firing  guns ; 
(2)  by  firing  shells  full  of  high  explosive,  which, 
bursting  in  the  water  near  the  boat,  will  beat  it 
in ;  (3)  by  firing  explosives  at  the  end  of  a  spar." 
Assuming  that  a  submarine  is  obhged  to  rise  to 
the  surface  to  take  bearings  before  attacking  a 
ship,  the  third  method  appears  to  be  the  one 
most  favoured  by  the  Admiralty,  and  its  value 
was  tested  last  year  by  experiments  carried  out 
at  Portsmouth  by  H.M.S.  Vernon  and  the 
destroyer  Starfish,  On  the  starboard  side  of 
the  latter  vessel  **  certain  plates  had  been 
strengthened,  and  above  there  was  a  crutch 
upon  which  worked  a  spar  or  outrigger  torpedo 
.  .  .  a  stout  pole  42  ft.  in  length,  at  the  end 
of  which  was  an  explosive  charge  of  32  lbs.  of 
wet  guncotton,  explodable  by  an  electric  current 
by  the  crew  in  the  boat.  Normally,  this  boom 
stows  inboard  and  forward,  but  on  going  into 
action  it  is  slung  out  well  forward,  and  immersed 
in  the  water  at  the  proper  moment.  This  im- 
mersion carries  the  boom  end  downward  and 
aft,  and  it  is  exploded  directly  the  submarine  is 
passed.  The  idea  is  that  the  speed  of  the 
destroyer  will  carry  her  past  the  centre  of  the 
explosion  before  the  full  effects  reach  her." 

In  the  appendices,  detailed  descriptions  are 
given  of  the  new  British,  French,  and  American 
submarines,  and  the  general  interest  of  the 
volume  is  enhanced  by  fifty  unique  illustrations 
from  drawings  and  photographs. 


"  IRELAND.  INDUSTRIAL  AND  AGRICULTURAL." 

Edited  by  William  P.  Coyne,  Superintendent 

of  the  Statistics  and  Intelligence  Branch  of 

the  Department  of  Agriculture  and  Technical 

Instruction  for  Ireland.      Browne  and  Nolan, 

Ltd.,  Dublin,  pp.  532.     5s.  net. 

TN  the  forty-nine  articles  which  are  comprised 

^     in  this  handsomely  produced  volume,  a  clear 

and  lucid  survey  is  given  of  the  various  economic 

resources  of  Ireland  at  the  dawn  of  the  twentieth 

century.    The  subjects  have  been  entrusted  to 

winters  who  have  made  their  particular  sections 
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a  very  special  study,  and  are  eminently  qualified 
for  the  task.     Many  of  the  articles  deal  with 
vital  matters  upon  which,  up  to  the  present,  full 
and  accurate  information  has  not  been  generally 
accessible,   and  with   regard  to   which   public 
opinion  has  not  been  sufficiently  enlightened. 
The  Editor,  while  carefully  avoiding  controversial 
subjects,  has  endeavoured  to  provide  a  handbook 
which  will  give  the  student  an  accurate  view  of 
the  growth,  or  decrease,  and  present  position  of 
Irish  industries  and  general  economy  ;  and  this 
he  has  succeeded  in  presenting  in  an  attractive 
and   interesting   form.      Whilst    there    are    of 
necessity  long  and  intricate  tables  of  statistics 
and   dry  industrial  facts,  yet   in   many   of  the 
articles  these  are  enveloped  in  bright  descrip- 
tive  matter,    and    the    work     has    over     120 
half-tone  illustrations,  together  with  maps  and 
diagrams,  which    show    at   a  glance    the   dis- 
tribution of  the  population,  geological  forma- 
tion,    agricultural    activity,    railways,     canals, 
etc.     The    Editor   is   himself   responsible    for 
the  sections   devoted    to   railways,   canal   and 
river  navigation,  science  teaching  and  technical 
instruction,  and  shipbuilding.     It  is  cheering  to 
observe  in  the  midst  of  much  industrial  deca- 
dence a  healthy  development  of  railway  traffic, 
even    in   the  face  of  a  decreasing  population.  . 
In  1 871   the  total  receipts  from  all  sources  of 
traffic  amounted  to  ^2,272,386,  whilst  in   1900 
they  reached  ;^3,8o6,347,  an  increase  of  67*5  per 
cent.     The   largest   increase   has  been   in    the 
carriage  of  minerals— 233  per  cent. — while  the 
passenger   traffic    receipts    have  advanced   by 
62*4  per  cent. 

In  one  respect  (writes  Mr.  Coyne),  in  the  matter  of 
gauge,  the  railways  of  Ireland  enjoy  an  immense  advan- 
tage over  those  of  Great  Britain.  .  .  .  Before  any  of 
the  great  lines  were  laid  sufficient  experience  had  been 
already  gained  to  show  that  the  standard  narrow  gauge 
of  4  ft.  H\  in.  which  had  been  adopted  in  England  was 
too  small.  .  .  .  Since  1849  the  Irish  railways  have 
used  for  main  line  work  the  uniform  gauge  of  5  ft.  3  in. 
.  ,  .  Owing  to  this  difference  in  gauge,  there  is  always 
the  possibility,  remote  thtnigh  it  may  appear  at  present, 
that  at  some  future  time  Ireland  may  be  far  in  advance 
of  the  rest  of  the  kingdom  in  railway  development. 

Comparing  Irish  railways  with  British,  Mr. 
Coyne  says : — 

The  cost  of  the  construction  of  Irish  railways,  as 
indicated  by  the  amount  of  paid-up  capital,  has  been 
remarkably  low  when  compared  with  the  C(jst  of  those  of 
either  England  or  Scotland  ;  in  fact,  the  average  cost  per 
mile  is  less  than  one-fourth  of  the  cost  iu  Great  Britain. 


It  will  be  seen  that,  though  the  net  receipts  are  much 
lower  in  Ireland  than  Great  Britain,  yet,  owing  to  the 
much  smaller  cost  of  construction,  the  average  dividend 
for  Irish  railways  is  higher  than  that  in  England  or 
Scotland. 

In  the  chapter  dealing  with  canals,  the  writer 
emphasises  the  importance  of  maintaining  their 
efficient  and  unrestricted  utility  as  independent 
competitive  routes,  and  points  out  the  evil  of 
allowing  railway  companies  to  acquire  the 
control  of  short  sections  of  these  trunk  water- 
ways, and  thus  effectively  to  interfere  with  com- 
petition along  their  entire  lengths.  The  present 
condition  o^  Irish  canals  is  reviewed,  and  a 
sketch  given  of  the  course  and  development  of  the 
leading  routes.  Most  of  them  were  constructed 
early  in  the  last  century,  at  great  cost ;  but  they 
have,  with  few  exceptions,  fallen  into  disuse 
and  consequent  inefficiency. 

The  short  chapter  which  describes  the  ship- 
building industry  of  Belfast  and  Londonderry 
speaks  of  vigorous  growth.  In  the  latter  town 
the  premier  position  is,  6i  course,  held  by 
Messrs.  Harland  and  Wolff,  the  builders  of  th^ 
new  White  Star  passenger  and  mail  steamers 
Oceanic  and  Celtic. 

Such  has  been  the  energy  and  enterprise  of  this  com- 
pany, that  from  100  hands  in  1858,  the  number  of  persons 
employed  has  increased  to  9,000,  and  the  amount  of 
tonnage  turned  out  by  the  firm  during  the  past  seven  or 
eight  years  exceeds  the  production  of  any  other  yard  in 
the  world.  In  this  connection  the  following  figures  are 
interesting.  Messrs.  Harland  and  Wolff  turned  out 
tonnage  to  the  amount  of  81,316  tons  in  1896,  84,240  in 
1897,  67,905  in  1898,  82,634  in  1899,  73,8t97  i"  1900,  and 
last  year  they  launched  seven  ships  having  a  gross 
tonnage  of  92,316. 

The  greatest  successes  of  this  firm  are  associated  with 
the  White  Star  Line.  Indeed,  the  whole  fleet  (forty-four 
ships)  of  the  White  Star  Company  was  built  by  Messrs. 
Harland  and  Wolff.  It  was  for  the  White  Star  Company 
that  the  long  type  of  (Kcan  steamship,  with  saloon  and 
Hrst-class  passenger  accommodation  amidships,  was  in- 
troduced in  1870.  This,  though  a  great  advance  in  ship 
construction,  is  only  one  of  the  improvements  due  to  the 
Helfast  firm.  Every  demand,  indeed,  made  by  modern 
commercial  necessities,  and  modern  luxurious  ideas,  has 
been  met  by  Messrs.  Harland  and  Wolff.  The  world 
wanted  big  ships  ;  Queen's  Island  built  the  Oceanic  and 
the  Celtic.  Steady  "  railway  timers  "  were  required,  and 
the  Majestic  and  the  Teutonic  were  produced.  In  fine, 
Messrs.  Harland  and  Wolff  have  shown  themselves 
pioneer  builders  of  vessels  of  great  size  and  extraordinary 
speed. 

At  Londonderry  shipbuilding  dates  back  to 
early  in  the  nineteenth  century,  but  it  was  not 
until  1886  that  a  proper  shipbuilding  yard  was 
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opened.  This,  however,  was  closed  in  1892; 
but  in  1898  the  Derry  industry  again  showed 
signs  of  activity,  when  the  yard  was  re-opened 
by  the  newly-formed  Londonderry  Shipbuilding 
and  Engineering  Co.,  Ltd.,  who  have  since 
built  sliips  over  380  ft.  long  for  several  ot  the 
great  steamship  companies. 

One  of  the  serious  drawbacks  of  shipbuilding  in 
Londonderry  is  that  only  the  hulls  are  constructed,  and 
either  the  hulls  have  to  be  towed  over,  mostly  to  the 
Glasgow  or  Tyne  works,  for  their  engines,  or  the  engines 
have  tu  be  brought  to  Londonderry.  This  causes  con- 
siderable loss  of  time  and  money.  Over  400  men  and 
boys  are  employed,  and  as  the  industry  is  prosperous  and 
progressive,  the  number  of  workers  is  increasing. 

Though  Belfast  and  Londonderry  are  the 
chief  seats  of  the  industry,  shipbuilding  is  also 
carried  on  at  Haulbowline,  and  a  decided  effort 
is  being  made  to  revive  it  at  Dublin,  where  a 
company  has  been  formed  to  carry  on  the  work 
on  the  banks  of  the  Liffey.  A  dockyard  suitable 
for  the  construction  of  vessels  up  to  300  ft.  long 
is  being  rapidly  put  into  working  order. 

Science  feaching  and  technical  instruction 
are  arousing  a  renewed  interest  in  Ireland.  As 
Superintendent  of  the  Statistics  and  Intelligence 
Branch  of  the  Department  of  Agriculture  and 
Technical  Instruction  for  Ireland,  Mr.  Coyne  is 
able  to  give  his  readers  a  comprehensive  survey 
of  the  condition  of  technical  instruction  in 
Ireland. 

Whilst  eighteen  years  ago  the  Irish  students  formed 
11-2  per  cent,  of  the  total  number  of  students  (including 
England  and  Wales),  and  their  grants  amounted  to  14-5 
per  cent,  of  the  total  grants,  the  proportions  now  are 
only  23  per  cent,  and  i'2  per  cent,  respectively. 

It  is  hoped,  however,  that,  with  the  aid  of  a 
Government  grant  of  ^55,000  per  annum,  a 
great  improvement  on  the  above  returns  may  be 
effected. 

We  strongly  commend  this  book  to  the 
careful  attention  of  every  British  manufacturer 
who  wishes  for  reliable  information  concerning 
the  industries  and  resources  of  the  Sister  Isle. 


*'THB    AMERICAN    INVADERS." 
By  F.  A.  McKenzie.     Grant  Richards. 
2S.  6d.  net. 
**  'T^HE    future   still   waits  for   us  if  we  will 
-^       to  have  it,"  says  Mr.  McKenzie  in   his 
preface  ;   "  but  to  hold  our  own  there  must  be 
reform,  far  reaching  and  thorough.      It  is  to 
help  to  bring  needed  changes  that  this  book  is 


written."  The  author  claims  to  be  strictly 
impartial  in  his  review  of  British  and  American 
trade,  but  page  after  page  impresses  us  with  the 
fact  that  he  has  a  case  to  make  out,  and  a  little 
racy  exaggeration  here  and  there  lends  a  spicy 
flavour  to  the  whole. 

We  notice  merely  with  mild  surprise  that 
**  we  are  approaching  the  stage  when  it 
seems  that  the  London  literary  world  will  sit  at 
the  feet  of  Chicago  and  New  York."  As  far  as 
we  can  gather'  from  this  informing  book,  we 
have  little  left  but  the  cycle  trade,  and  but  for 
American  '*  cuteness  "  there  can  be  little  doubt 
but  that  this  would  have  been  in  danger,  too. 
It  may  be  remembered  that  the  Americans  saw 
in  these  Islands  an  appropriate  dumping  ground 
for  unsaleable  bicycles  which  were  unfit  for 
use  on  American  roads,  and  that  the  British 
public  did  not  rush  in  and  purchase. 

The  writer  calls  attention  to  American  pre- 
parations to  capture  the  trades  of  to-morrow. 
He  says  : — 

It  requires  little  foresight  to  realise  that  very  soon  the 
trade  in  gas  engines  will  increase  quite  sixfold.  To  my 
knowledge  at  least  one  American-English  house  is 
making  careful  preparation  for  this  increase,  and  hopes 
to  scoop  the  whole  business  when  it  comes.  There  is  a 
German  patent  gas  engine  which  will  also  stand  a  good 
chance.  But  one  hears  no  rumours  of  British  tirms 
preparing  for  this  boom. 

Verbum  sap.  But  we  have  known  effective 
preparations  made  without  **  rumour." 

We  have  paid  dearly  enough  for  our  South 
African  possessions.  According  to  Mr.  McKenzie, 
"  the  coming  months  may  show  that  we  have 
paid  the  price  to  benefit  the  traders  of 
other  lands,  and  that  Americans  especially  will 
reap  the  commercial  profits  of  our  triumph  in 
South  Africa." 

Although  there  is  much  matter  in  this  work 
which  is  open  to  controversy,  it  makes  interest- 
ing reading,  and  the  author  goes  fully  into  the 
campaign  of  Mr.  Pierpont  Morgan  and  the 
Standard  Oil  group,  the  tobacco  war,  and  the 
bid  for  our  steel  trade  and  shipping.  A  chapter . 
of  exceptional  interest  gives  an  account  of  the 
new  Westinghouse  Works  at  Trafford  Park, 
contributed  by  Mr.  D.  N.  Dunlop. 

The  author  emphasises  the  pernicious  effect 
of  hampering  legislation  on  British  indus- 
tries : — 

Americans  are  succeeding  to-day  largely  because  of 
their    climate,   their    superior    education,    tlieir    longer 
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working  hours,  their  wilUngness  to  receive  new  ideas, 
their  better  plant,  and  perhaps  most  of  all,  because  of 
their  freedom  from  hampering  traditions. 

It  may  be  noticed  that  I  do  not  say  Americans  are 
succeeding  because  of  the  great  resources  of  their 
country.  This,  I  am  aware,  is  the  common  explanation. 
But  although  the  natural  resources  of  America  are  one  of 
the  great  ultimate  factors  in  the  contest,  it  is  yet  possible 
to  attribute  too  much  importance  to  them  at  the  present 
stage.  England  has  magnificent  resources,  and  is  placed 
in  a  spot  which  naturally  makes  her  a  great  centre  of  the 
world.  Here  we  have  iron,  and  coal,  shipping  facilities, 
and  mineral  wealth  of  every  kind,  and  «t  is  not  for  us  to 
complain  of  the  natural  resources  of  our  competitors. 

What  we  must  complain  about  is  our  bad  legislation, 
our  neglected  education,  our  indifference,  and  excessive 
optimism.  Through  our  bad  legislation  we  have  lost  and 
are  losing  many  trades.  The  tobacco,  printing,  and 
electric  industries  are  instances  of  this.  Once  Ireland  had 
flourishing  tobacco  plantations.  These  were  purposely 
killed  in  order  that  the  tobacco  industry  in  our  then 
,  American  colonies  might  be  fostered.  Our  erstwhile 
colonies  are  now  a  rival  nation,  but  the  revenue  restric- 
tions still  make  tobacco  growing  here  practically  impos- 
sible. There  is  no  reason,  climate  or  other,  why  Ireland 
to-day  should  not  produce  great  tobacco  crops. 

In  the  concluding  chapter  the  author  deals 
with  the  question,  **  Can  we  meet  America  ? " 
and  discusses  the  attitude  which  should  be 
taken  up  with  regard  to  the  so-called 
**  invasion  " : — 

So  far  from  opposing  the  introduction  of  American 
improvements,  even  to  the  profit  of  the  Americans  in  this 
country,  we  should  welcome  them  and  aid  them  in  every 
way.  .  .  .  We  have,  it  is  true,  to  decide  whether  we 
are  going  to  be  a  subordinate  people,  allowing  the 
Americans  to  take  the  supreme  rule  of  our  industries,  or 
whether  we  are  going  to  retain  our  old  chieftainship. 
But  we  will  not  keep  our  place  by  any  other  method 
than  that  of  raising  our  industrial  conditions  up  to  those 
of  America.  Only  by  improving  the  physical  growth  and 
mental  development  of  our  people,  and  by  putting  the 
best  brains  of  our  nation,  unrestricted  by  old  traditions, 
into  our  industrial  concerns  can  we  hope  to  advance. 
The  time  when  the  governing  classes  of  this  country 
treat  commerce  as  a  matter  for  lofty  patronage  and  scorn- 
ful misunderstanding  must  go  by.  To-day  we  are 
hindered  in  a  hundred  ways  by  inadequate  and  pernicious 
laws.  We  see  industry  after  industry  almost  throttled  by 
mere  legislative  stupidity.  We  find  our  traders  refused 
the  facilities  which  every  other  progressive  government 
willingly  gives  its  people.  We  witness  commerce 
fostered  in  other  lands,  while  in  England  it  is  severely 
left  alone. 

He  concludes  as  follows  : — 

The  purchase  outright  of  British  manufactories  by 
Americans  is  a  blow  to  our  prestige.  But  in  many 
instances  the  American  purchasers  settle  in  our  midst, 
and  become  English  in  their  turn.  England  has  in  the 
past  shown  great  power  of  absorbing  outer  peoples  ;  in 
the   future  she   will   show   the  same.      To   build   high 


barriers  against  Americans  would  be  folly.  If  we  wish 
to  hold  what  America  is  taking  from  us  we  must  do  so  by 
proving  ourselves  as  good  men  as  the  Americans  ;  as 
good  in  business  energy,  in  education,  in  technical  train- 
ing, in  working  capacity,  and  in  inventive  skill. 


*  THE  NEW  SOUTH  AFRICA:  ITS  VALUE  AND 

DEVELOPMENT." 
By  W.  Bleloch.    With  illustrations,  maps,  and 
diagrams.    W.  Heinemann. 

A  NEW  and  revised  edition  of  Mr.  Bleloch's 
-^*^  work  is  well-timed.  Now  that  we  have 
entered  into  the  possession  of  our  recently- 
acquired  territories,  it  is  interesting  to  pass  in 
review  the  predictions  of  those  who  undertook 
to  speak  of  their  latest  resources,  in  order  that 
we  may  see  how  far  these  anticipations  were 
justified  by  actual  fact.  One  of  the  principal 
objects  the  author  had  in  view  in  writing  **  The 
New  South  Africa"  was  to  convey  to  those  who 
had  n:)t  lived  in  the  country,  but  who  had 
undertaken  a  great  war  on  behalf  of  its  future, 
some  idea  of  its  natural  resources. 

The  estimate  of  available  gold  was  sufficiently 
high  to  challenge  unbelief.  After  a  year's 
further  study,  however,  the  author  expresses 
confidence  in  the  correctness  of  his  conclu- 
sions:— 

In  August,  1901,  and  in  January,  1902,  the  reefs*  were 
cut  in  the  Turf  Club  boreholes  ;  and  although  the  actual 
assay  results  are  not  so  good  as  might  have  been  expected 
from  the  records  of  the  outcrop  mines,  the  ore  bodies  are 
of  payable  grade,  and  their  continuity  to  a  depth  of 
nearly  5,000  ft.  is  conclusively  demonstrated.  Measuring 
along  the  plane  of  the  reef,  these  results  may  be  taken  as 
proving  the  ore  bodies  for  over  10,000  ft.,  of  which  only  a 
very  small  portion  has  been  exhausted.  Apply  this  figure 
of  practically  two  miles  of  dip  to  the  ten  miles  of  the 
Central  Rand  only,  and  some  idea  of  the  importance  of 
the  "  strike  *'  will  be  obtained.  The  assay  results  of  the 
eastern  boring  indicate  an  extraction  value  of  ^(k>.  3d.  per 
ton  for  the  South  Reef  and  about  28s.  9d.  per  ton  for  the 
Main  Reel  leader,  while  in  the  western  the  record  is  not 
so  good.  Even  in  the  richest  outcrop  mines  iwor  zones 
are  encountered  (as  well  as  conversely  rich  zones  in  por 
mines),  and,  in  any  event,  a  core  assay  is  no  safecritcri«»n 
of  value  of  large  blocks  of  ground.  Future  results  will 
probably  confirm  the  general  average  of  41s.  per  ton  for 
this  particular  section  of  the  Rand. 

Other  discoveries  have  lately  been  m  jde  which  tend  to 
show  that  new  lines  of  banket  reefs  may  be  opened  up, 
and,  on  the  whole,  the  evidences  are  such  that  it  may  be 
confidently  expected  these  new  lines  of  reef,  besides 
making  up  for  any  possible  shortcomings  of  the  Main 
Reef  series,  will  probably  swell  the  actual  returns  far 
beyond  the  great  estimate  given  of  the  gold-producing 
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value  of  the  Rand.  Vigorous  exploratory  work  is  about 
to  be  commenced  on  both  the  eastern  and  western  exten- 
sions of  the  Main  Reef  series.  In  the  far  eastern  section 
of  the  Rand,  the  Modderfontein  Deep  Levels  Company 
struck  reefs  officially  correlated  with  the  Van  Ryn  series 
at  a  depth  of  about  3,070  ft.  in  February,  1902. 

Some  confirmation  as  to  the  estimates  of  the  Rand 
output  in  the  ne.xt  few  years  is  furnished  by  the  statement 
of  Mr.  A.  R.  Goldring,  Secretary  of  the  Transvaal 
Chamber  of  Mines,  before  the  Water  Supply  Commission, 
that  within  five  years  there  will  be  17,000  stamps  running 
on  the  Rand,  turning  out  gold  to  the  value  of  between 
^,"50,000,000  and  ;f 60,000,000  a  year. 

The  appointment  of  a  Commission  to  inquire  into  the 
working  of  the  gold  law  is  likely  to  result  in  such  reforms 
as  will  make  prospecting  practically  "free,"  and,  which 
is  equally  important,  inexpensive. 

The  Rand  mining  industry  is  makfng  rapid  advance 
to  the  position  it  had  attained  prior  to  the  war.  Milling 
was  commenced  by  three  companies  in  May,  1901,  and 
in  the  table  which  follows  are  shown  the  monthly  crush- 
ings  and  outputs,  together  with  the  number  of  stamps 
employed  : — 


Month. 

Com- 
panies. 

Stamps. 

Tons 
Milled. 

Ounces, 
Fine  Gold. 

Value. 

'1901. 

May 

3 

150 

15,306 

7,479 

31,271 

June 

7 

350 

40,111 

19,779 

84,014 

July 

7 

365 

46,436 

25,960 

110,269 

August  ... 

7 

380 

47,365 

28,474 

120,953 

September 

8 

4M 

53,187 

31,936 

135,654 

October  ... 

« 

440 

54,908 

33,393 

141,848 

November 

10 

554 

67,882 

39,075 

165,986 

Decemt>er 

12 

653 

86,811 

52,897 

224,702 

1902. 

January... 

21 

1,075 

143,756 

70,341 

298,786 

February 

22 

1,260 

158,151 

81,405 

345,782 

March  ... 

29 

1,540 

2U,7-27 

104,127 

442,303 

April      ... 

31 

— 

— 

119,588 

508,000 

In  an  informing  chapter  on  Industry  and 
Commerce  in  South  Africa,  the  writer  shows 
that  these  are  handicapped  by  the  cost  of 
skilled  labour,  but  speaks  hopefully  of  the 
opportunities  that  will  be  afforded  for  estab- 
lishing ir^n  and  steel  works  : — 

The  great  engineering  works  on  the  Rand  have  been 
called  into  existence  by  the  requirements  of  the  mines, 
and  might  more  properly  be  considered  as  part  of  the 
mining  industry.  They  are  extensive  and  well  equipped ; 
some  of  the  workshops  can  turn  out  heavy  machinery 
well  made  and  well  Btted,  and  all  can  execute  repairs, 
make  castings,  and  Ht  in  parts  with  efficiency  and 
despatch.  But  so  far  the  great  cost  of  skilled  labour,  and 
other  items  of  expenditure,  have  made  it  impossible  to 
compete  with  home  and  American  industry  in  machinery 
manufacture.  When  the  superior  iron  ores  of  the  country 
are  worked,  a  change  in  this  respect  will  take  place,  and 
in  the  course  of  the  next  decade  it  is  fairly  certain  that 
iron  foundries  on  a  large  scale  will  be  working.  Branches 
of  the  firms  at  present  supplying  the  Rand  with  mining 
machinery,  or  others,  will  be  established  at  Johannesburg 


or  Middelburg  ;  the  Hrst  to  come  will  no  doubt  secure 
the  lion's  share  of  the  trade. 

It  is  more  than  likely  that  a  start  would  have  been  made 
in  this  direction  already,  had  it  not  been  for  the  fact  that 
the  principal  mining  groups  have  large  financial  interests 
in  one  or  more  of  the  great  firms  making  machinery  for 
the  Rand,  and  while  the  mines  continue  to  be  controlled 
wholly  by  the  present  people,  they  will  naturally  support 
their  own  factories  ;  but  if  new  mines  are  opened  and 
new  capital  is  induced  through  liberal  measures  of 
Government,  there  will  undoubtedly  be  excellent  oppor- 
tunities for  establishing  many  different  branches  of  iron 
and  steel  manufacture,  including  machinery. 

In  passing,  it  may  be  observed  that,  independently  of 
the  larger  and  more  important  uses  of  iron  and  steel  in 
connection  with  the  mining  industry  of  the  Transvaal, 
there  are  many  requirements  of  the  country  which  could 
be  supplied  immediately  from  Transvaal  iron  ores,  and 
which  offer  large  profits  to  anyone  taking  up  their  manu- 
facture. For  instance,  there  will  be  a  demand  for  iron 
fencing  standards,  Kaffir  pots,  etc.,  etc. 

The  Rand  Central  Ore  Reduction  has  for  some  time 
past  been  producing  pig-iron  from  Middelburg  ores. 

The  author  estimates  that  the  amount  of 
good  coal  available  in  the  Transvaal  is 
60,000,000,000  tons  : — 

The  districts  where  the  coalfields  are  best  developed 
geologically,  and  where  the  best  qualities  of  coal  are 
found,  are  Middelburg  and  Ermelo.  In  these  districts 
the  percentage  of  good  coal  to  the  whole  bulk  is  higher 
than  in  the  other  districts.  A  considerable  quantity  has 
already  been  sent  to  Delagoa  Bay  for  navigation  purposes, 
and,  owing  to  its  high  heat-raising  power  and  its  low 
percentage  of  ash  and  sulphur,  it  has  found  a  good 
market  among  the  shippers.  Coal  for  a  market  of  this 
kind  must  of  course  be  picked  and  dressed.  Hitherto, 
too  little  attention  has  been  paid  to  this  work,  and  only  a 
few  of  the  collieries  have  the  necessary  machinery  ;  but 
as  the  export  coal  trade  develops  this  state  of  affairs  will 
be  alteied,  and  navigation  coal  from  the  Transvaal  may 
be  expected  to  take  a  high  place  among  South  African 
coals  in  the  market.  The  rapid  development  of  the  Natal 
coal  industry  during  the  last  few  months  indicates  what 
can  be  done.  One  chief  necessity  for  stimulating  this 
trade  is  the  authorisation  of  railways  required  to  tap  the 
coalfields.  A  railway  connecting  Springs  with  the 
Delagoa  line  beyond  Middelburg  would  traverse  the 
richest  coalfields  in  the  country,  and  the  other  line  which 
was  authorised  before  the  war,  that  from  Ermelo  to 
Machadodorp,  would  open  up  another  first-class  district. 
Taking  Middelburg  as  the  centre,  the  distance  to  Delagoa 
Bay  is  only  250  miles.  At  a  railway  rate  of  id.  per  ton 
per  mile,  which  should  be  a  remunerative  rate  for  down 
traffic  to  the  coast,  the  freight  to  Delagoa  Bay  would  only 
be  about  los.  6d.  per  ton.  A  halfpenny  per  ton  per  mile 
is  the  rate  charged  by  the  Cape  Colonial  railways  for 
intercolonial  traffic.  In  fact,  for  traffic  coastwise  the 
rate  might  even  be  reduced  to  ^d.  Assuming  that  the 
coal  could  be  mined  and  sold  at  the  pithead  at  los.  per 
ton,  after  paying  working  custs.and  all  charges,  and  leave  a 
profit  at  that  figure,  the  coal  could  be  sold  at  Delagoa  Bay 
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at  about  21s.  per  ton  ;  at  a  rate  of  |d.  per  ton  per  mile 
it  could  be  sold  at  15s.  per  ton.  The  ruling  price  at 
present  for  Natal  coal  at  Durban  is  30s.,  and  .the  supply, 
on  account  of  lack  of  railway  facilities,  cannot  keep  up 
with  the  demand.  Some  of  the  Natal  coal  companies  are 
paying  10  per  cent,  every  three  months  in  dividends,  and 
carrying  equal  amounts  to  reserve.  The  profit  on  Natal 
coal  at  the  price  of  30s.  is  15s.  per  ton.  To  open  the 
Transvaal  coalfields  for  a  profitable  export  trade,  one  of 
the  principal  necessities  is  an  intelligent  adjustment  of 
railway  tariffs.  Needless  to  say  this  could  not  be  obtained 
from  the  Netherlands  Company.  The  great  enhance- 
ment in  value  of  coal  in  Europe  affords  the  opportunity, 
and  the  new  Government  should  leave  nothing  undone 
to  develop  the  Transvaal  coal  industry.  Besides  the 
local  demand  in  the  country  itself,  it  should  become  a 
strong  competitor  for  the  shipping  trade  of  the  Southern 
Hemisphere.  Japan  and  Australia  have  secured  the  coal 
trade  of  the  Far  East,  and  South  Africa  is  certain  to  have 
similar  success  in  the  South.  The  Transvaal  must  be 
energetic  or  Natal  will  get  the  monopoly. 

The  author  mentions  that  there  is  an  excellent 
opportunity  for  profitable  coke  manufacture. 

Some  experts  have  stated  about  Transvaal  coal  that  it 
will  not  make  good  coke,  that  the  product  is  too  soft  and 
too  impure  to  be  used  for  metallurgical  purposes.  But 
the  reason  for  this  statement,  which  may  be  accepted  as 
true  in  the  past,  is  that  proper  methods  have  never  been 
applied  to  coke  production  in  the  Transvaal.  In  fact,  the 
preparation  of  coal  and  its  products  for  the  market  forms 
a  branch  of  industry  which  is  in  its  most  primitive 
stage. 

In  the  North  of  England  good  coke  is  made  from 
vastly  inferior  coal  to  the  bright  coal  of  Middelburg.  The 
best  and  latest  machinery  is  required  in  the  manufacture 
of  coke  as  in  the  manufacture  of  anything  else,  and  a 
rich  reward  awaits  anyone  who  enters  the  field 
adequately  equipped  for  the  production  of  coke.  One 
enterprising  little  company,  the  "  Home  Coal  Estates," 


has  done  something  in  this  direction  with  marked 
success.  Its  products  are  in  great  demand  on  the  Rand, 
greater,  in  fact,  than  it  can  satisfy,  and  the  trade  is  only 
in  connection  with  the  limited  requirements  of  the  mines 
in  the  smelting  of  gold.  With  proper  machinery  which 
would  remove  most  of  the  impurities  and  especially  the 
greater  part  of  the  iron  pyrites  from  the  coal,  a  tough, 
high-class,  pure  coke  could  be  made  from  Middelburg 
bright  coal,  and  such  a  coke  would  speedily  create  a 
market  for  itself.  The  smelting  of  iron,  lead,  and  copper 
would  be  made  possible,  with  the  consequence  that 
numerous  mines  possessing  rich  ores  of  these  minerals 
would  quickly  be  opened  up.  Iron  foundries  and  steel- 
works would  begin  to^  appear,  and  a  Transvaal  Black 
Country  would  come  into  existence.  This  applies 
especially  to  Middelburg,  Pretoria,  and  Lydenburg 
districts. 

In  addition  to  a  great  deal  of  valuable  informa- 
tion on  the  gold  industry,  and  the  other  mineral 
wealth  of  our  new  colonies,  the  author  has  much 
to  say  about  the  dynamite  monopoly,  agriculture, 
immigration,  and  the  present  inhabitants.  The 
work  is  well  produced,  and  from  a  pictorial 
standpoint  alone  will  well  repay  inspection. 


Die  SchiffbatsffldustHe  in  Deutschknd  trnd  im  Atislaode. 

By  Tjard  Schwarz  and  Dr.  Ernst  von  Halle.  In  two 
volumes,  with  numerous  tables  and  diagrams.  Berlin  : 
Ernst  Siegfried  Mittler  und  Sohn,  68-71,  Kochstrasse. 
The  first  volume  of  this  interesting  compilation  treats  in 
an  exhaustive  manner  on  the  shipbuilding  of  the  world, 
and  compares  the  strength  of  the  shipping  of  the  various 
great  Powers.  The  second  deals  exclusively  with  the 
German  shipping  industry  (naval  and  mercantile),  and 
contains  some  instructive  and  detailed  plans  of  the  more 
important  shipbuilding  yards.  Altogether  a  most  useful 
work  of  reference,  reflecting  the  greatest  credit  upon  all 
concerned. 
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The  Altis-Chalmers  Company,  Chicago,  UL,  U.SA*— 

\\c  have  received  from  this  firm  a  number  of  booklets, 
each  dealing  separately  with  their  various  specialities 
in  mining  machinery.  There  is  abundant  evidence 
that  more  than  ordinary  care  and  forethought  have 
been  exercised  in  the  compilation  of  these  catalogues. 
*  The  master  hand  of  the  designer  is  apparent,  and 
much  credit  is  also  due  both  to  the  engravers  and 
printers  for  the  excellent  effects  obtained.  The  very 
large  field  which  is  covered  by  this  firm  in  the  manu- 
facture of  all  kinds  of  mining  machinery  is  so  well 
known  that  it  is  hardly  necessary  here  to  give  even  a 
passing  notice  to  their  many  specialities.  Perhaps  the 
most  interesting  of  the  catalogues  before  us  is  a  booklet 
of  208  pages  and  cover  (sixth  edition  of  Catalogue  No.  3) 
dealing  at  length  with  their  roasting,  smelting,  and 
refining  machinery  for  the  purpo^  of  extracting  gold, 
silver,  lead,  and  copper  from  ores  by  igneous  processes. 
It  includes  various  kinds  of  ore  samplers,  grinders,  and 
breakers,  also  oxidising,  chloridising,  roasting,  smelting, 
and  blast  furaces.  Altogether  a  very  useful  set  of 
catalogues,  and  well  worth  the  attention  of  managers 
and  others  concerned  in  the  development  of  mining 
properties,  small  and  great. 


I 


Ncvilk   and    Co.,  Springfield,  Ohio,  U.S.A.— 

Pamphlet  K,  of  46  pages  and  cover,  illustrates  and 
describes  the  latest  types  of  the  Samson  turbine,  built 
by  this  firm,  and  for  which  they  claim  "the  finest 
results  known  to  the  art  of  turbine  building."  We  are 
told  that  over  15,000  (or  1,000,000  h.p.)  Leffel  wheels  are 
now  in  use,  which  certainly  speaks  well  for  the  excel- 
lence and  satisfactory  working  of  this  turbine.  The 
plates  illustrating  installations  at  Niagara  Falls,  Rock 
Island,  etc.,  are  especially  interesting. 


Cole,  Mafchcnt  and  Morley,  Ltd«,  Bfadford.—This  firm 
has  just  issued  a  well-printed  and  illustrated  booklet  of 
^24  pages  and  cover,  entitled  "Condensing  Equip- 
ments."    In  addition  to  the  particulars  usually  emt>odicd 


in  a  catalogue,  there  is  much  matter  of  a  descriptive  and 
pithy  nature,  rendering  it  one  of  the  most  complete 
catalogues  hitherto  published  in  connection  with  con- 
densing and  cooling.  The  workings  of  condensing 
plants,  heaters,  evaporators,  cooling  plants  for  steam 
power  installations,  pumps  of  variolas  types,  feed- 
heaters,  oil-separators,  water-softeners,  etc.,  etc.,  are 
here  all  so  lucidly  explained  and  exemplified  by  illus- 
tration, that  we  feel  sure  the  book  will  be  read  with 
avidity  by  those  interested  in  this  class  of  machinery. 

The  Glacier  Anti-Friction  Metal  Company,  Ltd.,  London* 
— A  pamphlet  of  24  pages  and  cover,  containing  a  few 
tests  and  reports  on  Glacier  Anti-Friction  Metal,  in 
which  we  are  informed  that  this  material  has  been 
tested  and  endorsed  not  only  by  engineers,  railway  and 
steamship  companies,  but  by  many  Governments  of  the 
world,  and  there  are  also  reprints  of  a  few  com- 
mendatory letters  from  customers.  We  are  officially 
informed  that  the  jury  at  the  Exposition  de  Lille  have 
awarded  this  firm  the  silver  medal  for  their  Glacier 
Anti-Friction  Metal,  this  being  the  highest  award  given 
for  anti-friction  metal. 

W.  T*  Ellison  and  Co^  Ltd*,  Tflams^/th'-Height,  Man- 
chester.— An  eight-page  pamphlet  describing  and  illus- 
trating their  principal  speciality,  viz.,  turnstiles,  of 
which  several  kinds  are  mentioned.  The  exit  cage 
turnstile  calls  for  special  notice.  This  is  an  ingenious 
contrivance  by  means  of  which  it  is  possible  to  obtain 
ingress  or  egress  only,  according  to  its  adjustment,  the 
object  being  to  prevent  congestion  at  the  entrances  and 
exits  to  and  from  race-courses,  pleasure  grounds,  foot- 
ball and  cricket  clubs,  etc.  As  a  kind  of  auxiliary  to 
this  catalogue  there  is  a  four-page  pamphlet  illustrating 
another  of  the  firm's  specialities — pumping  machinery, 
the  principal  of  which  is  the  "  Niagara  Falls"  double 
acting,  pulsating  steam  pump,  the  price  list  of  which 
is  also  given. 
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Thomas  A*  Renihaw  and  Co.t  Sy  Bath  Street^  Qty  Road^ 
Loodofv  E«Q — As  London  agents  for  the  Universal 
Automatic  Feed  Handmill,  Messrs.  Renshaw  &  Co. 
have  issued  a  descriptive  pamphlet  and  price  list  of  this 
and  other  machine  tools,  including  the  Taylor  automatic 
tool  grinder,  universal  cutter  and  grinder,  Clark's 
improved  boiler  head  flanging  machine,  engine  lathes, 
built  by  the  Goddard  Machine  Co.,  Wheeler's  planers^ 
etc.,  etc.     Of  interest  to  all  users  of  machine  tools. 

Fuller  and  Co«t  %  Red  Lion  Court,  Cannon  Street,  E.C  - 
A  large  quarto  70-page  illustrated  catalogue  and  price 
list  of  their  many  specialities  in  electrical  appliances, 
including  the  Alpha  cables  and  wires,  electric  light 
casings,  "  Lux  "  incandescents,  porcelain  switches,  fuse 
boards,  resistance  frames,  switch  boards,  arc  lamps, 
ammeters,  voltmeters,  and  much  more  useful  para- 
phernalia attendant  on  the  application  of  electricity  in 
various  ways. 

Mosses  and  Mitchell,  69-71,  Chiswell  Street,  London,  E.C 

— Catalogue  and  price  list  of  the  *'  Original  "  vulcanised 
fibre.  This  fibre,  we  understand,  has  been  upon  the 
market  for  over  twenty-eight  years.  It  is  used  largely 
for  railway,  electrical,  and  general  mechanical  pur- 
poses, and  possesses  peculiar  qualities  which  render  it 
entirely  different  from  any  other  known  material.  In 
an  interesting  description  of  its  manufacture  we  are 
told  that  a  certain  prepared  vegetable  fibre  is  treated 
with  "  powerful  chemical  agents,"  then  submitted  to 
very  heavy  pressure  and  brought  to  practically  a  homo- 
geneous condition,  after  which  the  chemicals  are  ex- 
tracted, and  by  means  of  "an  extremely  delicate 
chemical  process"  it  is  converted  into  the  substance 
known  as  "  vulcanised  fibre."  The  purposes  to  which 
the  material  can  be  applied  seem  to  be  almost  unlimited, 
and  one  of  its  peculiar  qualities  is  that  of  electrical 
insulation. 

Atlas    Tool   Works,    JL^venshulme,   Manchester.— The 

latest  catalogue  to  hand  from  this  firm  is  a  booklet  con- 
taining some  fifteen  leaflets  with  reproductions  of  their 
principal  specialities — lathes,  radial,  horizontal  drilling 
and  boring  machines,  slotting,  planing,  and  milling 
machines,  and  vertical  turning  and  boring  mills.  The 
catalogue  as  a  whole  is  excellently  designed  and  printed, 
but  we  venture  to  suggest  that  better  effects  could  be 
obtained  from  the  blocks  of  photos  64  and  65  by  the 
exercise  of  a  little  more  care  on  the  part  of  the  printers. 
This,  however,  is  only  a  detail. 

The  Empire  Engineering  Co.,  Failsworthe,  near  Manchester. 

— A  pamphlet  of  20  pages  and  cover  illustrating,  by 
means  of  excellent  half-tone  engravings,  their  various 
specialities  in  Lubricators  (the  "  Sight  Feed,'* 
*'  Empire,"  "  Piston,"  "  Compact,"  "  Simplex,"  "  Boss," 
"  Rex,"  and  "  Drip  "),  Safety  Valves  ("  Dwarf,"  '*  Pop," 
'*  Empire,"  "  Empire  Spring,"  etc.).  Steam  Driers 
('*Stemtriff,"  etc.),  the  "Empire"  Steam  Trap,  and 
Asbestos- Packed  Water  Gauges.     The  last  named  are 
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made  of  best  gun-metal  and  are  tested  to  300  lbs.  per 
square  inch. 

The  ** Karris'*  Patent  Feed-Water  Filters,  LtcL,  2, 
Hamilton  Street,  Greenock*  —  A  16-page  pamphlet 
containing  a  short  treatise  on  Feed- Water  Filters  and 
their  use  as  applied  to  boilers,  also  various  sectional 
drawings  and  half-tone  blocks,  and  a  list  of  some  250 
vessels — including  men-o*-war  of  many  countries, 
liners,  merchantmen,  steam  yachts,  etc.,  etc. — to  which 
the  Harris  Feed- Water  Filters  have  been  fitted.  Two 
large  blocks  representing  H.M.S.  Terrible,  and  the 
Campania  and  Lucania  are  especially  ititeresting. 

The  C  W.  Hunt  Co*,  of  New  York  and  Staten  Island.- 
Catalogue  No.  029,  containing  20  pages  and  cover, 
profusely  illustrated   by  half-tone  blocks  of  the  first 
quality,  the  excellent  effect  of  which  is  heightened  by 
the  superior  art    paper   on    which   the    catalogae  is 
printed.    The  booklet  is  entitled  "  Hunt  Cable  Railways 
for  ^handling  Coal  and   Merchandise,"  and  deals  at 
length   with  the   three  varieties    of    Cable   Railways     1 
manufactured   by  the  firm.      The  first    is  called  te 
"  Heavy  Cable  Raihvay,*'  which  is  operated  as  follows: 
The  steel  cable  is  kept  constantly  in  motion  and  the 
cars  are  attached  at  will  at  any  point,  and  are  drawn     1 
around  the  tracks  by  the  cible  until  the  grip  is  released. 
Secondly,  there  is  the  "  Double  Shuttle  Cable  Railway  * 
in  which  two  cars  are  used — one  going  out  loaded  and 
the  other  returning  empty,  passing  each   other  on  a 
switch,  or  on  a  double  track.      Thirdly,  there  is  the 
"  Single  Shuttle  Cable  Railway,"  in  which  one  car  only 
is  used — being  drawn  by  power  outward  to  the  dnoiiK 
ing  point,  automatically  dumped,  and  then  drawn  bock 
to  the  loading  point.     The  manufacture  of  all  the 
necessary  appurtenances  for  these  railways  is  under» 
taken  by  this  firm — including  driving  engines,   cars  of 
all  kinds,  rails,  tracks,  etc. — and  we  are  told  that  **«o  ■ 
Waltham  watch  or  Baldwin  locomotive  is  more  care- 
fully designed,  the  detail  more  thoroughly  studied,  or. 
the  materials  more  carefully  selected  and  worked  intBT 
shape  than  are  the  working  parts  of  the  Shovel,  ElevaiCar 
and  Automatic  Railway.*' 

J.  H.  Williams  and   Ca,  Brooklyn,  New  York«-^te 

excellent  little  brochure  of  76  pages  and  cover,  con- 
taining  some  more  than  ordinarily  fine  illustratkMV  - 
from  interior  and  exterior  views  of  their  works  ant 
manufactures    in     iron,    steel,    copper,    bronze,    a«i' 
aluminium     drop     forgings,     including    air      vahrCif 
wrenches  of  various  types,  automobile  parts,  startNig 
levers,  thumb  nuts,  screws,  wire  rope  sockets,  aitii 
union  forgings,  dies,  crank  shafts,  handles,  collars, 
many  others.    This  firm  are  the  sole  makers   of  mmm^A 
Vulcan  brandsof drop-forgedspecialitics; andanneafc^  J 
tempering,  and   case   hardening  are  done   to    or^tei 
Pages   62    to  65    of   the  catalogue  are   devoted  lo  a< 
telegraphic     code    of    words    (supplemental     to    An* 
ordinary    standard    codes    used)   for    their    prii 
specialities. 
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Westinghouse 

Gas  Engines. 


Specially  adapted  for 
Direct  Connection  to 


Electric  Generators. 

Electricity  is  the  most 

Economical  and  Convenient 

Form  of  Power  for  all 

Industrial  Purposes* 


Wcstinghouse  Gas  Engines  ani  Generators 

installed     at     Messrs*     Cadbury's     Worksp 
Bournville, 

The 

British    Westinghouse 


Electric  &  Mfg,  Co.,  Ltd, 

H^ad  Offices 

(    Norfolk  Street,  Strand,  London,  WX, 
Bf^ch  OHkes : 

5.  Cross  Street,  Manchester, 

6st  Rertfleld  Street,  OI^s^qw. 

City    Chambers,     CoUmgwood    Street, 

Newcastle-on-Tyne. 
Phoenix  Buildins:s,  Mount  Stuart  Square, 
Cardiff. 


Works:  Trafford  Park,  Manchester. 

Tur  Ait-?rr;«Jia»  Xu\y  ZcnkinJ,  ztnd  T;ism:mia,  communicate  with: 

Noyes  Bros.,  109,  Pitt  Street,  Sydney. 
,    Noyes  Bro5.,  15  &  17.  Queen  St.,  Melbourne. 
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W  HARDY  PATENT  PICK  CO.,  LTD 

SHEFFIELD,  England. 


1) 


Telegraphic  Address : 
"HAfcDYPicK,  Sheffield. 


Telephone:  National  157. 
de.        Local  157. 
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High-Class  Tools   for   Miners,   Contractors, 
Quarrymen  &  Agriculturalists. 


Maksrs  off  th«  "Unlvsrsal"  and   "Acma"   MInlns  and  Navvy  Picks. 
HAND  4c  POWER  BORING  MACHINES  FOR  ROCK  &  COAL. 

Picks,  Shovels,  Spades  Forks,  Hoes,  Axes,  Hammers,  Wedges,  Crowbars, 

and  all  Minlns,  Quarry,  Contractors,  and  Asricultural  Tools. 
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SPECIAI.   TOUGH    DRILL   STEEL.   SHEAR.   CAST.  O  BLISTER    STEEL.    SAWS.  FILES.  6  RASPS.   A 

IMPORTERS    OF    HICKORY    HANDLES.  ? 
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The  Norwcjjian  Ironclad  Eids-.\^/d  at  Mi'ssrs  Armstrong.  Whitworth  and  Co.'s  yard,  Elswck. 
Vide  "  The  Gun  r.  the  Armour  P.atc." 


Digitized  by 


Google 


PAGE'S  MAGAZINE 


An  lUtsstrated  Technical  Monthly,  dealing  with  the  Engineering,  Electrical,  Shipbuilding,  Iron  and  Steel, 

Mining  and  Allied  Industries* 


Vol.  I. 


LONDON,  OCTOBER,  IQ02. 


No.  4. 


THE  GUN  V.  THE   ARHOUR   PLATE. 


BY 


JOHN    LEYLAND. 


The  introduction  of  the  "Johnson  cap"  and  the  recent  experiments  with  the  Belleislc  make  the  question  of  the  relation 

between  the  gun  and  the  armour  plate  one  of  very  practical  consequence.     The  Author,  in  the  following  article,  has 

given  a  contribution  of  undoubted  interest,  and  shows  very  clearly  what  is  the  present  position. 


HE   vital    question  of 
protection   from   at- 
tack is  one  of  extra- 
ordinary     interest  ; 
and,  looked  at  from 
a  naval    or  military 
point     of     view,    it 
might  take  us  back 
to  very  distant  times 
in     the     history    of 
humanity.        It     is, 
in  effect,  the  necessary    consequence    of  that 
eternal  antagonism  between  the  attack  and  the 
defence  which  is  as  old  as  humanity  itself.     It 


has  also  great  modern  importance  in  its  special 
relation  to  the  armouring  of  ships  of  war, 
because  upon  the  defence  that  it  is  possible  to 
give  to  them  must  depend  their  design  and  con- 
struction. The  announcement  made  in  May 
that  the  Lords  of  the  Admiralty  had  witnessed 
at  Messrs.  Vickers*  range  at  Eskmeals,  near 
Barrow,  trials  against  armour  which  reversed 
previous  experience  and  were  a  total  surprise, 
and  the  experiments  with  the  BelleislCy  make  the 
question  of  the  relation  between  the  gun  and 
the  plate  one  of  very  great  gravity  and  practical 
consequence.  The  purpose  here  is  to  show  how 
the  position  stands.      We  were  told  that  the 
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"  Johnson  cap  "  had  enabled  a  105-lb.  armour- 
piercing  shot  of  6-in.  calibre  to  completely 
perforate  a  6-in.  Krupp-cemented  armour  plate, 
being  fired  with  a  striking  velocity  of  1,971  foot- 
seconds  (fig.  5,  round  3);  that  the  same  cap  had 
sent  a  6-in.  105-lb.  projectile,  fired  with  a  striking 
velocity  of  2,799  foot-seconds,  through  a  12-in. 
plate  of  the  same  character  (fig.  i,  round  i);  and, 
finally,  that  the  same  cap  had  carried  a  like  shot 
completely  through  the  same  12-in.  plate  with  a 
striking  velocity  of  2,786  foot-seconds  (fig.  2, 
round  4). 

These  astonishing  results,  and  particularly  the 
fact  that  a  capped  6-in.  projectile  had  twice 
completely  perforated  a  12-in.  plate  of  the  best 
Krupp  armour,  whereas  an  uncapped  shot,  with 
a  similar  striking  velocity,  had  only  penetrated 
3  in.,  caused  a  veritable  sensation.  It  was  said 
that  the  Admiralty  must  have  been  very  neglect- 
ful to  overlook  the  merits  of  so  important  a 
device  as  the  "  Johnson  cap,"  which  could  be 
fitted  on  board  ship,  and  would  give  a  gain  in 
armour-piercing  power  of  30  per  cent.  Un- 
doubtedly the  cap  had  shown  its  usefulness 
for  direct  fire,  and  might  be  depended  upon  to 
give  results  analogous  to  those  attained  at 
Barrow  in  the  case  of  projectiles  striking  within 
about  20  deg.  of  the  normal.  Beyond  that 
angle  the  cap  is,  perhaps,  of  less  value,  but  it 
must  be  remembered  that  a  very  large  propor- 
tion of  shots  may  be  expected  to  strike  at  a 
near  approach  to  a  right  angle  with  the  face  of 
the  armour.  It  might  be  unfair,  however,  to 
censure  the  Admiralty  for  neglect  in  this  matter. 
Whatever  has  been  the  case  in  the  past,  there 
can  be  Httle  doubt  that  the  present  Board, 
which  has  now,  with  few  changes,  ruled  affairs 
for  several  years,  is  very  alert,  and  that  it 
regards  all  new  inventions  and  discoveries  with 
an  open  mind.  It  was  too  readily  assumed  that 
the  trials  at  Barrow  were  a  revelation.  As  a 
matter  of  fact,  those  who  were  acquainted  ^yith 
the  history  of  the  struggle  between  the  gun  and 
the  plate  were  not  surprised  to  find  such  results 
recorded.  For  the  capped  armour-piercing  shot 
— iheprojecUle  coiffe — was  no  new  thing,  and  trials 
had  been  made  with  it  during  the  previous  eight 
years  which  must  have  placed  in  the  hands  of 
the  Admiralty  Board  a  good  deal  of  information 
upon  the  subject.  Until  moi^  is  known  it  would 
not,  therefore,  be  right  to  blame  the  Admiralty 
for  having  neglected  a  great  opportunity. 


The  use  of  the  cap  is,  in  fact,  only  one  part 
of  the  great  problem  arising  out  of  the  contest 
between  the  gun  and  the  armour.  Much 
damage  may  be  done,  and  great  demoralisation 
be  caused  on  board  a  ship  in  action,  by  showers 
of  weak  common  shell,  but,  in  all  modern  ships, 
the  protection  of  men  is  now  carried  to  a  high 
degree,  and  the  final  resort  must  be  to  the  use 
of  the  armour-piercing  projectile.  The  first 
Belleisle  trials  threw  a  great  deal  of  light  upon 
the  disposition  of  men  in  our  existing  ships,  and 
there  can  be  little  doubt  that  the  practical  ex- 
perience gained  would  enable  many  lives  to  be 
saved  in  any  future  fleet  action.  But,  after  all, 
if  a  ship  is  to  be  effectually  dealt  with,  it  must 
be  by  means  of  penetrating  the  armour,  and 
it  seemed  to  be  a  teaching  of  the  first  Belleisle 
trials  that  the  secondary  armaments  of  the  battle- 
ships of  the  Majestic  and  Canopus  classes  are 
for  this  purpose  comparatively  ineffective. 
Wherever  ships  are  built  exhaustive  trials  are 
now  being  conducted,  all  tending  to  improvement 
both  in  guns  and  armour. 

Steel  armour  plates  originally  and  for  a  long 
time  proved  very  brittle,  and  gave  small  pro- 
mise of  success  ;  but  a  quarter  of  a  century  ago 
steel  in  one  form  or  another  began  to  be 
adopted.  In  England  great  efforts  were  made 
to  secure  toughness,  and  the  Sheffield  firms  of 
Cammell  and  Brown  introduced  what  were 
termed  compound  or  hard-faced  plates,  con- 
sisting of  a  hard  steel  face  upon  a  soft  wrought- 
iron  back  or  foundation.  Krupp  began  to  make 
such  plates  at  Essen  on  Wilson's  system  in 
1891.  Compound  armour  held  the  field  from 
1880  to  about  1892,  but  the  advantage  over  the 
improved  steel  was  not  conspicuous.  A  further 
improvement  was  due  to  the  use  of  nickel  as 
an  ingredient  in  the  steel,  introduced  by 
Schneider  in  1890,  and  adopted  for  the  British 
Navy  in  1896.  When  compound  armour  was 
introduced,  armour-piercing  shot  of  cast-iron, 
chilled  by  the  Palliser  or  some  other  similar 
process,  were  employed,  and  the  plates  were  so 
successful  that  the  heads  of  the  Palliser  pro- 
jectiles were  crushed,  unless  extraordinary 
striking  energy  was  developed  as  compared 
with  the  resistance  of  the  plate. 

Thus  the  superiority  rested  temporarily  with  the 
plate;  but,  about  the  year  1896,  when  chrome-steel 
projectiles  came  in,  hardened  at  the  head  by 
water  or  oil,  the  case  was  changed.  The  extreme 
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hardness,  combined  with  toughness,  which 
characterised  the  new  shot,  was  so  great  that 
the  piercing  power  was  increased  fully  20  per 
cent.,  and  it  generally  happened  that  perforation 
was  effected  without  any  damage  to  the  shot. 
Extraordinary  efforts  were  consequently  made 
in  every  direction  to  defeat  the  new  projectile, 
and  once  more  a  swing  of  the  pendulum 
occurred.  Cemented  plates  were  brought  in, 
possessing  the  two  qualities  of  hardness  and 
toughness.  Captain  Tresidder  discovered  that 
by  the  application  of  a  water  jet  to  the  hot 
metal  a  degree  of  hardness  was  produced  which, 
in  ordinary  plunging,  was  prevented  by  the 
formation  of  steam,  and  Harvey,  in  America, 
perfected  a  process  of  carbonisation  by  contact 
with  carbon  at  high  temperature  for  several 
days,  the  face  being  finally  water-hardened.  A 
io|-in.  Harvey  plate  at  Indian  Head  was  success- 
ful against  an  8-in.  Carpenter  steel  shot  of 
250  lbs.,  with  a  velocity  of  1,700  foot-seconds, 
and  a  perforating  power  of  14*8  in.  of  wrought 
iron.  This  plate,  therefore,  was  much  superior 
to  the  steel  and  compound  plates  then  being 
supplied  to  the  Royal  Sovereign  and  other  ships, 
and,  at  the  same  time,  Schneider  was  making 
plates  which  approached  the  Harvey  system  in 
quality.  The  advantage  gained  was  enormous, 
and  on  steel  faces,  hardened  by  the  Harvey  and 
Schneider  processes,  excellent  projectiles  broke 
up,  and  sometimes  became  disintegrated. 

The  Harvey  process  has  been  employed  in 
the  armour  of  a  great  many  ships  of  war,  but 
not  long  after  it  had  been  introduced  Krupp 
came  forward  with  the  process  which  has  now 
superseded  it,  and  which,  if  we  except  the 
action  of  capped  projectiles,  has  withstood  the 
attack  of  armour-piercevs.  Krupp's  plates,  with 
which  he  began  to  experiment  in  1893,  are 
described  by  him  as  "  one-side-hardened  nickel 
steel  plates"  (Einseitig  gehdrtete  Nickelstahl- 
pIaUen)j  and  are  known  in  this  country  and 
in  America  as  "  Kruppised  "  or  Krupp  plates. 


Their  extreme  hardness  is  carried  by  a  special 
process  to  a  certain  depth,  while  the  back  of  the 
plate  is  very  tough  and  enduring.  When,  in 
1896,  a  trial  of  the  new  Krupp  method  was 
arranged,  preliminary  to  the  sale  of  the  rights 
to  the  English  firms  of  Brown,  Cammell,  and 
Vickers,  and  the  French  companies  of  Schneider, 
Chatillon,  and  Saint-Chamond,  plates  of  various 
thicknesses  were  tested.  The  projectiles  were 
of  French  manufacture,  and  English  and  French 
engineers  were  present.  The  result  was  per- 
fectly satisfactory  as  showing  the  advantage 
gained  by  the  process,  and  proved  that  enor- 
mous progress  had  been  made.  The  considera- 
tion for  the  use  of  the  patent  was  a  certain 
royalty  per  ton  iop  all  plates  manufactured. 
The  process  is  most  successful  with  plates  up 
to  6  in.  thickness,  the  effect  for  thicker  plates 
being  not  so  well  ascertained.  Every  country 
recognised  the  advantage  of  the  new  method, 
and,  by  agreement,  the  Russian  Government 
works  were  enabled  to  make  the  new  plates. 
The  Carnegie  and  Bethlehem  Companies  ob- 
tained the  rights  in  the  United  States,  and  in 
Austria  the  Witkowitz  firm.  The  Terni  Works, 
,  in  Italy,  also  make  a  special  steel  which  seems 
to  be  the  same  or  closely  analogous.  The 
resistance  of  Krupp  plates,  with  their  !iard 
surface,  breaks  up  the  point  and  head  of  the 
ogival-headed  projectile,  and  their  extreme 
toughness  offers  great  resistance  to  punching 
and  cracking.  Results  have  also  been  attained 
which  justify  the  belief  that  a  Krupp  plate  is 
equal  to  a  compound  plate  of  double  its  thick- 
ness. It  is  not  necessary  to  point  out  how 
great  was  the  effect  of  this  new  system  of 
hardening  steel  upon  the  protection  of  ships. 
It  has  enabled  thinner  armour  to  be  used,  and 
the  area  covered  to  be  more  extensive  ;  and  it 
may  be  said  that  at  the  present  time  a  12-in. 
gun  of  50  tons  fairly  matches  a  12-in.  plate. 

The  plate  has  thus  remained  victorious  over 
the  projectile,  and  the  eminent  authority  who 


The  following  results,  illustrating  the  advantage  of  the  "  Johnson  cap,"  were  obtained  at  Messrs.  Vickers,  Sons  and  Maxim's  range  at 
Eskmeals  against  a  12  in.  Vickers  K.C.  plate  (1,000  yds.) 

(Fig.  I.)  First  round.— 6-in.  Johnson  armour-piercing  capped  shot,  weighing  105  lbs.  Plate  was  completely  perforated  and  projectile  broken 
up.  Penetration  meashred  i8in.  to  base' of  shot,  but  alter  removing  its  fragments  the  penetration  measured  234  in.  Extent  of  injury  bv 
scaling.  i8*5  in.  H  x  205  in.  V.  No  cracks.  Diameter  of  hole  6  in.  This  shot  struck  exactly  in  front  of  a  horizontal  H  girder  and  bulged  it 
back  1 1  in.,  otherwise  it  would  have  gone  completely  through.    Striking  velocity,  2,799  foot-seconds  :  sti  iking  energy.  5.705  foot-tons. 

Second  round.— 6-in.  Johnson  armour-piercing  shot,  without  cap,  weighing  100  lbs.  Projectile  completely  broken  up.  Penetration  about 
3^  m.:  but  point  of  shot  remained  fused  in  plate.  Extent  of  injury  by  scaling  iSJ  in.  H  x  19  in.  V.  No  cracks.  Diameter  of  portion  of  shot  in 
hole  =«  8  in.  There  was  no  trace  of  bulge  at  back,  or  displacement  of  backing.  Striking  velocity,  2,820  foot -seconds ;  striking  energy, 
5,513  foot-tons. 

Third  round.^ys  in.  Johnson  armour-piercing  capped  shell,  weighing  205  lbs.  Projectile  broken  up,  but  all  the  point  portion,  including 
2  in.  of  core,  remained  iil  plate.  It  was  not,  however,  fused  in  as  in  Round  2,  for  a  feeler  could  be  inserted  in  many  places  round  the  periphery  up 
to  7  in.  from  face  of  plate.  Penetration  to  front  end  of  core  was  5  in.,  if,  therefore,  the  point  preserved  its  profile,  the  total  penetration  would  be 
«^  in.  Base  portion  set  up  and  part  flowed  in  molten  state  into  the  front  of  core,  moulaing  itself  to  its  contour.  Extent  of  injury,  23*5  in.  H  x 
21  5  in-  v.     Striking  velocity,  2,444  foot-seconds ;  striking  energy,  8,492  foot-tons. 
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the  ordinary  shot  upon  impact  with  a  cemented 
plate  results  instantaneously  with  the  shock, 
while  the  pressure  of  the  cap  has  for  its  effect 
to  give  an  appreciable  degree  of  duration  to  the 
attack,  thus  permitting  the  ogival  head  of  the 
projectile  to  reach  a  zone  of  softer  metal,  and 
to  check  in  the  projectile  itself  those  vibrations 
which  lead  to  fracture.  In  short,  the  soft  cap 
protects  the  hard  point  of  the  shell,  and  holds 
it  in  position  while  its  work  is  in  progress. 
Admiral  Makaroff,  the  eminent  Russian  officer, 
undertook  in  1894  a  series  of  trials  with 
armour  plates  and  special  projectiles,  which  were 
described  at  the  time  as  being  manufactured  by 
a  secret  process,  and  were  called  "  magnetic." 
It  was  soon  divined,  however,  that  the  word 
"  magnetic  "  was  intended  to  conceal  their  true 
character, .  and  that  they  were  in  fact  capped 
shot.  The  concealment  of  the  projectile  from 
view  suggested  the  application  of  some  visible 
device,  and  screens  were  employed  which 
might  catch  anything  detached  from  the  shot, 
while  it  was  stated  that  the  process  was  applied 
to  Holtzer  projectiles,  a  circumstance  which 
seemed  to  point  to  a  mechanical  rather  than  a 
metallurgical  process.  The  trials  took  place  at 
Ochta,  on  June  28th,  1894,  when  two  Harvey- 
Tresidder  plates,  8  ft.  square  and  6  in.  thick, 
were  furnished  severally  by  Brown  and 
Cammell,  and  one  of  the  same  dimensions  10  in. 
thick  by  Brown.  These  were  attacked  by  6-in. 
projectiles  from  an  Obukhoff  45-calibre  gun, 
the  striking  velocity  for  the  6-in.  plates  being 
about  1,850  foot-seconds,  and  for  the  lo-in.  plate 
2,400  foot-seconds.  Owing  to  the  curve 
of  the  plate,  the  angle  of  impact  was 
from  8  deg.  to  10  deg.  from  the  normal. 
The  projectiles  were  made  at  the  Putiloff 
works,  and,  while  those  of  the  ordinary 
class  broke  up,  the  "  secret- process  *'  or 
**  magnetic  *'  shot  perforated  the  plates  direct, 
in  one  case  striking  at  about  25  deg.  from 
the  normal,  though  oblique  impact  failed  against 
the  Cammell  plate.  With  the  Brown  6-in. 
plate  these  capped  shot  went  through  in  every 
case,  though  one  was  broken  up,  while  the 
ordinary  projectiles  were  fractured,  but  one  of 


them  caused  five  or  six  cracks.  In  the  case  of 
Cammeirs  6-in.  plate,  two  of  the  capped  shot 
were  pulverised,  but  these  struck  at  25  deg.  from 
the  normal.  At  20  deg.  one  of  the  capped  shot 
broke  up,  but  penetrated  to  a  depth  of  2*3  in., 
and  one  which  hit  at  15  deg.  went  through  and 
broke  the  plate.  Another,  within  10  deg.  of  the 
normal,  completely  perforated.  In  the  attack 
upon  Brown's  lo-in.  plate,  two  capped  shots 
went  through  at  8  deg.  from  the  normal.  The 
cap  did  not,  in  every  instance,  save  the  shot 
from  fracture,  but  the  penetration  was  greatly 
increased  even  when  it  broke,  and  it  enabled  the 
shot  to  perforate  treated  plates  in  conditions  in 
which  uncapped  shot  were  totally  defeated. 
Trials  have  shown  that  it  is  difficult  to  depend 
upon  the  effect  of  capped  projectiles  when  the 
impact  is  at  a  considerable  angle,  and  if  oblique 
fire  should  play  a  large  part,  it  may  be  surmised 
that  the  application  of  the  cap  might  often  be 
ineffective. 

Projectiles  of  this  class  were  advocated  by  Mr. 
Hadfield,  Colonel  Bainbridge,  and  others,  and  it 
was  stated  on  good  authority  that  comparative 
tests  with  Wheeler  and  Krupp  projectiles  were 
made  in  Germany,  and  that  the  latter  proved 
themselves  as  good  as  the  former.  Mr.  Isaac 
G.  Johnson,  of  Spuyten  Deeyvil,  U.S.A.,  worked 
out  his  plan  with  considerable  success.  He 
used  a  special  steel,  and  fitted  his  cap  to  a  solid 
projectile.  On  April  30th,  1896,  a  capped  6-in. 
loo-lb.  shot  perforated  a  7-in.  reforged 
Harvey ized  Carnegie  plate.  Other  successes 
followed,  and  the  trials  were  watched  with  con- 
siderable interest.  In  France,  Holtzer  and 
Saint-Chamond  projectiles  were  tried,  in  which 
the  cap  was  applied  hot  and  shrunk  on  the 
ogival  head,  or  mechanically  attached.  The 
**  Johnson  cap  "  has  been  attached  by  means  of 
a  groove  near  the  point,  while  Messrs.  Hadfield 
employ  a  rib  on  the  shot,  also  near  the  point. 

An  important  trial  of  a  special  Beardmore 
6-in.  plate  at  Messrs.  Vickers'  range  in  October, 
1891,  threw  clear  light  upon  the  value  of  the 
cap,  and  foreshadowed  the  success  of  last  May, 
which  has  been  alluded  to.  The  projectile  was 
an  Elswick  armour-piercer  of  100  lbs.,  and   in 


{Flft,  3.)  Fifth  round.— 6-in.  Standard  Firth  armour-piercing  shot,  without  cap,  weighing  loolbs.  Shot  completely  broken  up.  Penetra- 
tion, 5  in.  Point  of  shot  remained  fused  in  plate.  The  diameter  of  periphery  of  front  of  projectile  left  in  the  plate  was  8  in.  A  large  piece  of 
khot  rebounded  and  was  found  20  ft.  in  front  of  plate.    Striking  velocity,  2,827  foot-seconds  :  striking  energ>',  5.542  foot -tons. 

Note.— These  last  two  shots  loosened  somewhat  the  portion  of  the  7*5-in  armour-piercing  shell,  fitted  with  cap.  used  for  the  third  round,  so 
that  now  a  feeler  can  be  inserted  outside  the  shell  for  a  distance  of  11}  in.,  showing  that  this  capped  shell  must  have  nearly,  if  not  quite. 
I  en  orated  the  plate. 
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the  first  three  rounds,  in  which  the  highest 
power  resulted  from  a  striking  velocity  of 
2,177  foot-seconds  and  3,280  foot-tons  striking 
energy,  with  a  penetration  of  wrought  iron  of 
157  in.  by  Tresidder's  formula,  the  projectiles 
were  completely  broken  up,  and  no  cracks 
resulted  in  the  plate.  In  the  fourth  round, 
with  a  striking  velocity  of  2,261  foot-seconds 


and  striking  energy  of  3,550  foot-tons,  the  point 
of  the  projectile  just  broke  through.  In  the  last 
round,  with  a  capped  projectile  (105*9  lbs.),  ^^^ 
striking  velocity  being  reduced  to  1,945  foot- 
seconds,  the  striking  energy  to  2,778  foot-tons, 
and  the  penetration  of  wrought  iron  to  13*8  in., 
the  projectile  completely  perforated  the  plate 
undamaged,  and  passed  through  the  backing  to 


FIRST   ROUND  SECOND   ROUND 

RESULTS    OBTAINED    AFTER    A    FIRST  AND   SECOND    ROUND   AGAINST  A  6-IN.   VICKERS    K.C.    PLATE, 
ILLUSTRATING   THE   ADVANTAGE   OF   THE   "JOHNSON   CAP."   (FIG.  4}. 

First  round. — A  6-in.  V^ickers  armour-piercing  shot,  without  cap,  and  weighing  100  lbs.,  was  discharged 
against  the  alK)ve  target  from  a  6-in.  gun  (Mark  B),  loaded  with  12-5  lbs.  of  cordite,  at  a  distance  of 
1,000  yards.  It  was  observed  that  the  projectile  was  broken  up,  the  point  remaining  fused  in  the  plate.  The  extent 
of  injury  by  scaling  was  24in.H  X  22  in.  V.  No  cracks  were  formed  by  the  impact,  but  signs  of  a  bulge  were 
discernible  at  the  back  of  the  plate.  The  muzzle  velocity  was  2,034  loot-seconds,  striking  velocity  1,995  foot-seconds, 
and  the  striking  energy  2,766  foot-tons. 

Second  round. — The  next  attempt  was  very  successful.  A  7'5-in.  armour-piercing  shell,  fitted  with  the 
'•  Johnson  cip,"  and  weighing  205  lbs.,  discharged  at  1,000  yards  from  a  7'5-in.  gun  (50  cals.),  loaded  with  a  charge  of 
35-31  lbs.  of  cordite,  not  only  completely  perforated  the  plate  and  backing,  but  the  point  of  the  shell,  weighing 
92  lbs.,  penetrated  20  feet  into  a  sand  bank  at  the  rear  of  the  target.  No  fragments  of  the  projectile,  except  the  base 
plug  were  found,  and  the  size  of  the  hole  in  the  plate  measured  875  in.  x  ^*5  '"•  Scaling  had  taken  place  around 
the  aperture  to  the  extent  of  145  in.  H.  x  I4*5  in-  V.  The  muzzle  velocity  was  2,221  fool-seconds,  striking  velocity 
2,186  foot-seconds,  and  the  striking  energy  6,795  foot-tons. 
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bury  itself  beyond.  A  trial  of  a  6-in.  Carnegie 
plate  gave  analogous  results,  and  a  capped  pro- 
jectile of  100  lbs.,  with  1,913  foot-seconds  strik- 
ing velocity,  was  found  just  equal  to  an  uncapped 
one  with  2,290  foot-seconds,  and  it  increased 
the  penetrating  power  by  25  per  cent. 

The  following  table  shows  the  results  with 
an  1 1 -in.  Krupp  plate,  manufactured  by  the 
Bethlehem  Steel  Company,  representing  turret- 
armour  of  the  battleship  Maine^  which  took 
place  at  Indian  Head  in  May.  They  were  not 
so  conclusive  in  regard  to  the  value  of  the 
capped  shot. 


iun. 
in. 
10      . 

Projectile, 
lbs. 
500 

Striking 
velocity. 

foot-sees. 
.        IJ53        . 

striking 
energy. 

foot- tons. 

10,664 

Penetra 
tion. 

in. 

...        41 

10      . 
10      . 

..        500        .. 
..        500        .. 

.       1,779      . 
.       1.853       .. 

.        10,983 
12,610 

47 

..      5iir 

12      . 
12      . 
12 

..       886       .. 
..       868       .. 
..       867       .. 

.       1,599      •. 

.       1,641 

.       1,733       .. 

.        15,368 

.        16,233 

18,072 

..     :>k 

..      6 
..    7  or  8 

In  the  first  three  rounds  with  ordinary  pro- 
jectiles the  plate  was  bulged,  but  not  cracked. 
The  other  rounds  were  with  capped  projectiles 
— a    Midvale,   a  Wheeler,  and  a   Carpenter — 


FIRST   ROUND  SECOND   ROUND 

THIRD   ROUND 

RESULTS    OBTAINED   AFTER    THE   THIRD   ROUND    AGAINST  A  6-IN.   VICKERS   KG.   PL.\TE,    ILLUSTRATING 
THE  ADVANTAGE   OF    THE    "JOHNSON   CAP."    (FIG.   5.) 

Third  round. — The  above  photo  shows  the  aspect  of  the  plate  after  the  third  round.  A  6-in.  Vickers  armour- 
piercing  shot,  fitted  with  a  "  Johnson  cap,"  and  weighing  105  lbs.,  propelled  from  a  6-in.  gun  (Mark  B)  by  a  charge  of 
12*94  lbs.  ot  cordite,  completely  perforated  the  plate  and  backing,  as  in  the  case  of  the  heavier  projectile.  The  shot, 
however,  broke  up,  and  pieces  of  it  were  afterwards  found  at  the  rear  of  the  target.  The  size  of  the  hole  was  about 
6'5  in.,  the  extent  of  injury  by  scaling  being  13  in.  H  x  14  in.  V.  The  mean  muzzle  velocity  was  2,007  foot- 
seconds,  the  striking  velocity  1,971  foot-seconds,  and  the  striking  energy  2,829  foot- tons. 
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the  first  of  these  rounds  being  at  about 
15J  deg.  from  the  normal,  and  somewhat  more 
in  the  case  of  the  succeeding  rounds. 

An  attempt  has  now  been  made  to  show  the 
varying  conditions  which  have  affected  the 
contest  between  the  gun  and  the  plate,  giving 
the  superiority  first  to  the  one  and  then  to  the 
other.  It  has  been  shown  that  the  Krupp 
process  has  enabled  the  plate  to  triumph,  but 
that  the  introduction  of  the  cap,  which  is  now 
sure  to  be  adopted,  may  again  shift  the  balance 
and  make  the  contest  more  equal.  It  remains 
to  be  seen  what  further  advance  may  yet  be 
made  to  meet  the  reinforced  attack. 

It  must  be  remembered,  however,  that  the 
introduction  of  a  cap  is  not  solely  a  matter 
concerning  velocity  and  energy.  The  value  of 
a  gun  rests  even  more  in  its  ability  to  direct  a 
projectile  to  the  point  desired,  and  anything 
that  changes  the  conditions  of  its  external 
ballistics  requires  to  be  considered  from  another 
point  of  view  entirely.  It  has  been  pointed 
out  that  the  use  of  the  cap  is  likely  to  reduce 
the  stability  of  the  projectile  in  its  flight,  greatly 
to  diminish  precision  of  fire,  and  to  overthrow 
entirely  existing  tables  of  fire.  In  view  of 
these  considerations,  the  late  Admiral  Sampson, 
then  a  captain,  an  officer  of  great  compe- 
tence in  ordnance  matters,  is  said  to  have 
pronounced  against  the  use  of  the  cap  except 
in  special  conditions.  Remembering  also 
the  fact  that  capped  projectiles  are  more 
uncertain  in  result  as  the  striking  angle  is 
increased,  being  affected  in  greater  degree  in 
this  regard  than  ordinary  shot,  it  may  be 
concluded  that  the  long  contest  between  the 
gun  and  the  armour-plate  will  not  soon  be 
decided  by  the  temporary  victory  of  either  of 
the  adversaries. 

How  far  it  is  from  settlement  may  be  seen 
by  the  rival  claims  now  put  forward  in  the 
United  States.     Ordnance  and  artillery  officers 


of  .the  Army  have  devised  a  new  fuse  which 
they  declare  will  not  detonate  until  after  the 
shell  has  entered  far  into  an  armour  plate,  and 
it  is  suggested  that,  with  the  tremendous 
velocities  now  attained,  and  the  great  advances 
made  with  smokeless  powder,  further  progress 
in  the  manufacture  of  plates  becomes  necessary. 
The  Naval  authorities  recently  tried  an  armour- 
piercing  shell  at  Indian  Head,  for  which  it  is 
claimed  that  it  will  perforate  armour  of  a 
thickness  equal  to  its  own  calibre,  carry- 
ing a  heavy  charge  of  high  explosive.  A 
6-in.  shell  is,  indeed,  said  to  have  passed 
through  a  6-in.  plate,  breaking  up  on  the 
other  side.  It  seems  desirable,  however,  to 
receive  reports  of  armour-piercing  high  ex- 
plosive shells  with  some  caution,  until  extended 
trials  have  demonstrated  their  effectiveness. 
Meanwhile,  Lieut.  Cleland  Davis,  U.S.N., 
attached  to  the  Bureau  of  Ordnance,  has  intro- 
duced an  electrical  carbon  treatment  for  armour 
plates,  which  is  said  to  have  results  much 
superior  to  anything  yet  known.  It  is  stated 
that  heavy  currents  of  electricity  are  directed 
on  the  plate,  while  it  is  in  a  heated  state,  by 
large  carbon  anodes.  The  electric  current 
forms  an  arc,  carrying  with  it  a  portion  of  the 
carbon  of  the  anode  to  a  depth  regulated  by  the 
length  of  the  appHcation,  thus  rendering  the 
plate  exceedingly  hard.  Admiral  O'Neil  is 
believed  to  attach  much  importance  to  the  in- 
vention, but  further  information  regarding  it  is 
much  to  be  desired.  The  process  appears  to 
give  new  promise  to  the  plate.  It  is,  at  the 
same  time,  worthy  of  note  that  Lieut.  Davis  has 
himself  introduced  a  new  form  of  explosive 
shell  designed  to  increase  the  capacity  for  a 
bursting  charge,  and  to  add  to  the  per- 
forating power  by  concentrating  the  weight 
in  the  line  of  attack — in  other  words,  to 
strengthen  the  walls  of  the  shell  in  order  to 
resist  fracture. 
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MARCONI'S   8V8TBM. 

TN  the  annals  of  "Wireless"  Telegraphy 
^  the  year  1896  is  memorable  for  the  arrival 
on  the  scene  of  Mr.  Marconi,  a  young 
Italian,  who  came 
to  this  country 
armed  with  a  patent 
which  he  had  pro- 
visionally applied 
for,  and  with  an 
app>aratus  which  he 
had  been  testing 
for  a  year  pre- 
viously near  Bo- 
logna. The  British 
Post  Office,  repre- 
sented by  Mr. 
(now  Sir)  William 
Preece,  and  the 
Royal  Engineers, 
were  conducting 
exp>eriments  on 
SaHsbury  Plain,  and 
Mr.  Marconi  had 
no  difficulty  in  ob- 
taining an  invita- 
tion to  exhibit  his 
system.  Signals 
were  exchanged 
across  a  valley  one 
and  a-half  miles 
wide,  and  the  re- 
sults were  promis- 
ing      enough      to 

warrant  more  extended  trials,  w^hich  were 
carried  out  under  the  auspices  of  the  Post 
Office  at  Penarth  and  elsewhere.     Mr.  Marconi 


Lafayette,  London.'] 


GUGLIELMO    MARCONI. 


at  this  date  was  using  a  very  simple  apparatus, 
based  upon  the  elements  generally  employed 
in  Hertzian  experiments  ;  and  his  own  con- 
tributions to  it  appear  to  have  consisted  mainly 

in  earthing  one 
pole  each  of  the 
transmitter  and  co- 
herer, introducing 
choking  coils  into 
the  receiving  cir- 
cuit, and  laying 
down  a  hypotheti- 
cal law  of  squares  • 
as  representing  the 
relation  between 
the  height  at  which 
he  placed  his 
*^  capacities  *'  — 
cubes  of  metal, 
probably  biscuit 
boxes  in  the  first 
instance — and  the 
space  over  which 
signals  could  be 
detected. 

Mr.    Marconi, 
however,  possessed 
a  quahty  of  energy 
which   was    worth 
more  than  his  origi- 
nal apparatus,  and 
owing  to  this,  and 
the  favourable  cir- 
cumstances  which 
have  enabled  him  to  carry  out  cosdy  experi-, 
ments  on    a    large  scale,    he     has    gone    on 
adding  continual    and    real    improvements  to 
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the  system,  and  has  succeeded  in  mono- 
polising to  a  large  extent  its  commercial 
possibilities.  Indeed,  on  the  practical  side,  he 
has  had  no  rival  so  far  but  Professor  Slaby,  in 
Germany,  whose  work  will  be  dealt  with  later, 
and  in  point  of  record  accomplishment  he  has 
left  Professor  Slaby,  as  well  as  others,  far 
behind.  The  public  has  a  weakness  for  records, 
and  Mr.  Marconi's  work  has  thus  attracted  an 
overwhelming  share  of  popular  attention.  This 
in  its  turn  has  produced  counter-attentions  of 
an  opposite  character,  and  has  led  Mr.  Marconi 
into  controversial  discussions  as  to  the  originality 
of  his  system  and  the  value  of  what  he  has  done. 
With  regard  to  the  latter,  let  it  be  admitted  that 
he  has  taken  a  leading  part  in  bringing  **  wireless  " 
telegraphy  into  practical  use.  He  has  foreseen 
and  forestalled  its  most  useful  applications. 
With  apparently  unlimited  resourcefulness, 
working  from  short,  up  to  gradually  longer 
distances,  he  has  erected  station  after  station 
in  remote  and  often  uncongenial  localities.  He 
has  spent  weeks  at  a  time  at  sea  testing  and 
improving  the  details  of  his  receiving  instru- 
ments. He  has  tried  every  known  kind  of 
apparatus,  modifying  it  to  suit  his  own  needs, 
and  has  introduced  methods  of  working  that 
were  unknown.  In  fine,  nothing  has  damped 
his  pertinacity  or  self-confidence,  and  these 
qualities,  though  scarcely  of  an  Ingratiating 
kind,  do  not  fail  to  appeal  to  Anglo-Saxons, 
who  never  withhold  tribute  from  the  man  who 
succeeds. 

MARCONI'S   OLAIM8   TO    ORIQINALITY. 

On  the  other  hand,  it  is  easy  to  overrate  the 
originality  of  (at  any  rate)  Marconi's  earliest 
work,  on  which  he  stepped  into  fame,  and 
gushing  writers  for  the  press  have  habitually 
done  so,  with  the  result  that  certain  men  of 
science  have  been  driven  into  an  opposite 
camp,  and  have  accused  Mr.  Marconi  of  sup- 
pressing in  his  papers  the  credit  due  to  others. 
His  first  patent,  already  mentioned,  lends  some 
colour  to  their  view.  Under  the  comprehensive 
title  of  "  my  invention  "  it  sets  forth  a  number 
of  things  which  were  pretty  well  known  before, 
and  were  certainly  not  invented  by  Mr.  Marconi. 
Its  claims  embrace,  for  instance,  Righi's  oscil- 
lator. Lodge's  "antennas/*  Lodge*s  tapper 
worked  by  a  relay,  Branly's  and  Lodge's 
coherers,  Righi's  detector  for  fixing  the  proper 


length  of  the  "antennae,"  Hertz's  parabolic 
reflector,  and  other  similar  devices.  It  does 
not  claim  the  long  vertical  wires  which  were 
really  the  secret  of  Marconi's  success,  possibly 
because  Edison  had  previously  used  and  patented 
the  same  idea. 

HI8   PIR8T  APPARATUS. 

In  the  Strand  Magazine  for  March,  1897,  there 
is  an  illustrated  interview  with  Mr.  Marconi  (an 
unusually  fulsome  production),  which,  at  all 
events,  contains  one  item  of  interest.  This  is  a 
portrait  of  the  inventor  seated  before  his  early 
apparatus.  On  one  side  is  what  appears  to  be 
an  ordinary  Righi  oscillator,  on  the  other  a  box 
containing  the  coherer  and  battery,  with  hori- 
zontal **  antennae,"  or  copper  strips,  such  as 
Lodge  first  used  for  tuning  and  strengthening 
the  coherer  circuit.  On  top  of  the  box  is  a 
telegraphic  instrument  worked  by  the  relay 
inside.  There  is  no  element  of  novelty  in  this 
apparatus,  and  on  the  face  of  it  no  special 
modifications.  One  may  fairly  suppose  that  Mr. 
Marconi,  either  from  inexperience  in  drafting  a 
patent,  or  from  the  difficulty  of  describing  his 
arrangements  without  specifying  all  the  apparatus 
used,  was  led  to  include  much  that  he  had 
found  ready  to  his  hand  when  he  began  working 
at  the  subject.  Having  cleared  the  ground  on 
this  point,  we  can  leave  Marconi's  first  patent, 
which  contains  very  Httle  that  is  now  of 
value,  and  trace  the  course  of  his  subsequent 

MODIPICATION8   AND    IMPROVBMBNTa. 

In  1898,  Mr.  Marconi  broke  off  from  the  Post 
Office,  and  joined  a  company  formed  to  exploit 
his  system.  He  began  by  erecting  a  station  at 
the  Needles,  Alum  Bay,  in  which  "  capacities," 
parabolic  reflectors,  etc.,  were  more  or  less 
discarded,  and  in  which  the  principal  feature 
was  a  long  insulated  wire,  suspended  from  a 
mast.  This  was  connected  at  the  lower  end  to 
one  of  the  ball  terminals  of  a  lo-in.  induction 
coil,  worked  by  a  battery  of  100  cells,  partly  in 
parallel,  the  other  terminal  of  the  coil  being 
connected  to  earth.  A  press-down  key  enabled 
the  circuit  to  be  made  and  broken  for  longer  or 
shorter  intervals.  Signals  were  sent  to  a 
receiving  instrument  on  a  small  steamer  out  at 
sea,  the  vertical  wire  being  in  this  case  used  as 
a  collector.  As  soon  as  results  warranted  it,  a 
corresponding  station  was  erected  at  Bourne- 
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MARCOXI    INSTALLATION   AT   MAHUKONA,    HAWAII. 

mouth,  14  miles  distant  across  the  Solent,  and 
later  at  Poole,  4  miles  further  still.  The  receiving 
apparatus  was  that  already  mentioned,  consisting 
of  the  vertical  wire  (or 
"  aerial ")  connected  to  one 
terminal  of  a  metal-filings 
coherer,  the  other  terminal 
being  connected  to  earth. 
Arranged  in  shunt  across 
the  coherer  was  a  circuit 
containing  a  single  cell  and 
a  relay  instrument,  which 
actuated  a  second  system, 
in  which  was  a  stronger 
battery  and  a  Morse  re- 
corder. The  relay  also 
worked  the  tapper,  which 
was  an  electric  bell  vibra- 
ting against  the  coherer. 
Choking  coils  and  conden- 
sers were  included  at  various 
parts  of  the  circuit.  The 
receiving  apparatus  was 
securely  enclosed  in  a  metal 
box  (such  as  Branly  had 
found  necessary)  to  protect 
it  from  tlie  adjacent  trans- 


mitting apparatus,  and  only  became 
effective  when  the  vertical  wire  was 
switched  on  to  it,  thus  enabling  Hertzian 
waves  to  penetrate  the  screen.  With 
the  "  aerial "  connected  at  one  station 
to  the  transmitter  and  at  the  other  to 
the  receiver,  signals  were  sent  from  the 
former  by  depressing  the  key  so  as  to 
form  Morse  code  letters.  The  surgings 
set  up  in  the  wire  were  communicated 
as  waves  to  the  ether,  and  spread  out 
in  every  direction  like  concentric  ripples 
at  the  speed  of  light.  When  these  cut 
the  vertical  wire  of  the  receiving  station, 
corresponding  surgings  (but  faint  in 
proportion  to  the  distance)  were  set 
up  in  that.  These  were  communicated 
to  the  coherer,  with  the  result  that  it 
became  a  partial  conductor,  allowing 
sufficient  current  to  pass  from  the 
single  cell  to  operate  the  relay,  which 
in  turn  operated  the  Morse  inker.  At 
the  same  time  the  tapper  was  set  in 
motion,  so  as  to  "decohere"  the 
coherer  and  render  it  sensitive  once 
The  action  between  coherer  and  tapper 
being  very  rapid,  it  hardly  affects  the  heavy 
working  of  the  Morse  instrument,  which  there- 


more. 


MARCONI    STATION   AT   CAPE   COD    BEFORE    IT   WAS   WRECKED. 
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fore  registers  true  dots  and  dashes  corre- 
sponding to  the  working  of  the  key  at  the 
transmitting  station.  Mr.  Marconi  described 
this  system  fully  in  a  paper  read  before  the 
Institution  of  Electrical  Engineers  in  March, 
1899,  and  recorded  the  work  achieved  with  it, 
which  included  reporting  the  yacht  races  in 
Kingstown  Harbour  from  a  steamer,  in 
1898,  and  establishing  communication  between 
Osborne  House  and  the  Royal  yacht  Osborne 
during  the   cruise    of   H.R.H.    the   Prince   of 


with  a  condenser  in  the  circuit,  was  placed 
across  the  terminals  of  the  secondary.  Coil  and 
condenser  were  constructed  so  as  to  be  **  in 
tune  or  symphony  "  with  the  particular  oscilla- 
tions given  off  by  the  transmitter.  In  a  dis- 
course delivered  at  the  Royal  Institution, 
November,  1900,  Mr.  Marconi,  curiously  enough, 
says  nothing  about  this  use  of  the  transformer, 
but  confines  himself  to  its  power  of  reinforcing 
the  faint  oscillations  received,  and  so  extending 
the  range  of  signals.     He  says  : — 


MARCONI    INSTRUMENT   ROOM   ON  BOARD  S.S.  "  MINNETONKA.' 


Wales,  at  the  time  that  he  was  suffering  fiom  a 
fractured  patella. 

TUNING   THI   CIRCUITS. 

The  chief  defect  in  the  system  at  this  time, 
and  it  was  a  serious  one,  was  the  absence  of  any 
device  for  tuning  or  screening  the  circuits,  and 
Marconi's  subsequent  patents  and  experiments 
were  mainly  devoted  to  this  necessary  end.  His 
first  arrangement,  patented  June  ist,  1898,  was 
the  device  known  in  Marconi  language  as  the 
"jigger.*'  The  vertical  wire  was  no  longer 
insulated,  but  connected  to  earth  direct  through 
the  primary  of  an  induction  coil.     The  coherer, 


The  object  of  this  transformer  is  to  increase  the  E.M.F. 
of  the  induced  oscillations  at  the  terminals  of  the  coherer, 
and  therefore  cause  it  to  break  down  with  a  weaker 
oscillation,  and  so  be  affected  at  a  much  greater  distance 
than  would  be  possible  if  it  were  connected  directly  to 
the  vertical  conductor.  .  .  .  The  results  given  by 
some  of  these  induction  coils  have  been  remarkable. 
During  the  naval  manceuvres  I  had  an  opportunity  of 
testing  how  much  they  increased  the  range  of  signalling 
with  a  given  amount  of  energy  and  height.  When 
working  between  the  cruisers  ^utio  and  Europa^  I  ascer- 
tained that  when  the  induction  coil  was  omitted  from  the 
receiver  the  limit  distance  obtainable  was  seven  miles, 
but  with  an  induction  coil  similar  to  that  shown,  a  dis- 
tance of  over  sixty  miles  could  be  obtained  with 
certainty. 
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FIG.  I.       MARCOXl  TRANSMITTER,  WITH  DOUBLE  SYNTONISING  COIL. 


In  the  interesting  series  of  experiments  car- 
ried out  between  South  Foreland  and  Wimereux, 
near  Boulogne,  in  1899,  this  device  was  con- 
stantly employed.  A  permanent  installation  had 
been  fitted  up  at  the  same  time  between  the 
South  Foreland  Station  and  one  of  the  light- 
ships on  the  Goodwins,  and  Mr.  Marconi  was 
understood  at  the  time  to  claim  that  signals 
from  the  lightship  did  not  clash  with  or  confuse 
the  signals  from  Wimereux. 

PROBLIM8    IN    SYNTONIC    IPPICT8. 

The  selective  properties  of  the  "jigger  "  were 
set  forth  in  a  subsequent  paper  of  May  15th, 
1901,  read  before  the  Society  of  Arts,  and 
entitled  "Syntonic  Wireless  Telegraphy."  In 
this  paper  various  methods  of  tuning  the  circuits 
at  the  different  stations  were  described,  begin- 
ning with  the  one  referred  to.  Mr.  Marconi 
described  it  as  "  the  introduction  of  a  proper 
form  of  oscillation  transformer  in  conjunction 
with  a  condenser  so  as  to  form  a  resonator  tuned 
to  respond  best  to  waves  given  out  by  a  given 
length  of  aerial  wire."  He  then  went  on  to 
explain  that  a  vertical  wire  pure  and  simple  is  a 
bad  form  of  radiator  for  syntonic  effects.  A 
vertical  wire  discharges  all  its  energy  in  one  or 
two  violent  oscillations,  whereas  what  is  required 
is  a  persistent  radiator,  one  which  will  give  a 
more  prolonged  series  of  timed  oscillations,  the 
effect  of  which  on  a  distant  resonator  will  be 
cumulative,  like  the  timed  pulls  on  a  heavy 
bell.  A  violent  and  quick  radiator  may  affect 
all  sorts  of  receivers,  however  tuned  ;  but  a 
persistent  and  less  violent  radiator  will  only 
affect  the  particular  receiver  which  is  tuned  to 


portant. 


it,  because  the  oscillations  given 
out  are  too  feeble  individually  to 
affect  others.  Mr.  Marconi  offers 
two  main  solutions  of  this  problem. 
The  first  is  to  use  "an  ordinary- 
vertical  radiator  placed  near  an 
earthed  conductor,  the  effect  of 
which  is  to  increase  the  capacity  of 
the  radiating  wire  without  increasing 
its  radiative  power."  By  making  the 
two  conductors  unequal  in  length  a 
difference  in  phase  of  the  oscilla- 
tions was  obtained,  "  otherwise  their 
mutual  effect  would  be  to  neutralise 
one  another."  The  second  solution 
was  considered  at  the  time  more  im- 
In  it  the  radiating  and  resonating 
conductors  take  a  cylindrical  form,  the  earthed 
cylinder  being  one  inside  the  other.  The  large 
capacity  of  the  receiver,  it  is  claimed,  causes  it 
to  be  a  resonator  possessing  a  decided  period  of 
its  own,  so  that  it  is  no  longer  apt  to  respond  to 
frequencies  which  differ  from  its  own  period  of 
electrical  oscillation,  nor  to  be  interfered  with 
by  the  stray  ether  waves  which  in  summer 
especially  render  "  wireless  "  telegraphy  uncer- 
tain. Cylinders  7  metres  high  and  li  metres  in 
diameter,  made  of  zinc,  were  used,  and  are  stated 
to  have  worked  successfully  and  without  inter- 
ruption from  neighbouring  stations  between 
Poole  and  St.  Catherine's  Bay,  Isle  of  Wight. 

Mr.  Marconi  claims  in  his  paper  that  this 
arrangement  is  protected  by  his  patent  of 
March  21st,  1900,  No.  5,387,  but  reference  to  this 
patent  shows  that  it  is  for  a  concentric  cable, 
or  pair  of  vertical  conductors,  which  should  in 
any  case  be  of  considerable  length,  and  the 
tuning  is  effected  by  the  use  of  inductance  coils. 
At  the  transmitting  station  a  coil  of  variable 
inductance  is  used  in  circuit  with  one  of  the 
conductors,  and  at  each  receiving  station  a 
similar  coil,  but  of  fixed  inductance,  in  circuit 
between  the  coherer  and  one  of  the  conductors. 
The  inductance  of  the  coil  at  the  transmitting 
station  is  varied  so  as  to  be  in  tune  with  any 
desired  receiving  station. 

This  is  similar,  though  by  no  means  identical, 
with  a  further  system  described  in  the  Society 
of  Arts  paper,  and  claimed  as  patented  April 
26th,  1900,  in  which  a  single  vertical  wire  is  used, 
and  the  tuning  is  effected  by  a  closed  condenser 
circuit,  such  as  was  devised  by  Sir  Oliver  Lodge 
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in  his  syntonic  Leyden  jar  experiments.  The 
transmitter  consists  of  a  variable  condenser  in 
circuit  with  a  Tesla  coil  or  transformer,  and 
the  vertical  wire  is  made  to  correspond  with 
this  in  period  by  adding  or  taking  away  length. 
In  the  receiver,  the  vertical  conductor  is  con- 
nected to  earth  through  the  primary  of  an 
induction  coil  as  before,  and  the  coherer  com- 
pletes the  secondary  circuit,  but  has  an  adjust- 
able condenser  shunted  across  its  terminals. 
In  order  to  get  the  best  results,  the  period  of 
oscillation  of  the  vertical  wire,  transformer 
primary,  and  earth  connection  should  be  in 
resonance  with  the  secondary  circuit  which  in- 
cludes the  condenser.  The  condenser  "in- 
creases the  capacity  of  the  secondary  resona- 
ting circuit  of  the  transformer,  and  in  the  case 
of  a  large  series  of  feeble,  but  properly  timed 
oscillations  being  received,  the  same  is  summed 
up  until  the  E.M.F.  at  the  terminals  and  the 
coherer  is  sufficient  to  break  down  its  insula- 
tion.'^ 

8IMULTANIOU8    MI88AQK8. 

With  this  system  Mr.  Marconi  claims  to  be 
able  to  transmit  multiple  messages  from  one 
vertical  wire,  by  means  of  differently  tuned 
circuits,  each  of  which  will  communicate  with 
one  particular  receiving  station  similarly  tuned, 
and  with  no  other.  Professor  Fleming  vouches 
for  the  accuracy  of  this  claim,  but  I  am  not 
aware  of  the  extent  to  which  it  has  been  tried. 
Fig.  I  shows  a  duplicate  transmitting  apparatus 
in  which  selective  tuning  is  got  by  dividing  the 
long  coil  shown  into  two  unequal  parts,  corre- 
sponding with  the  receiving  apparatus  at  two 
different  stations.  This  apparatus  has  been 
demonstrated  to  various  Government  officials  ; 
but,  so  far  as  I  know,  it  is  not  yet  in  permanent 
use.  Syntonic  apparatus  on  the  principle  just 
described  is,  however,  commonly  installed  by 
the  Marconi  Company  now,  and  syntonic 
messages  have  been  successfully  exchanged 
with  an  American  liner  up  to  a  considerable 
distance,  the  same  being  imperceptible  to  a 
second  liner  following  in  the  wake  of  the  first. 

TRANSATLANTIC   COMMUNICATION. 

Mr.  Marconi's  most  recent  work  has  been  in 
the  direction  of  establishing  Transatlantic  com- 
munication, and  his  results  have  been  so  widely 
published  that  there  is  no  need  to  dilate  on  them 
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here.  The  apparatus  used  in  these  experiments 
has  not  been  described,  but  it  is  known  to 
differ  very  considerably  from  anything  Mr. 
Marconi  has  used  before,  and  the  small  photo- 


ALTERNATOR,    POLDHU    STATION*. 

graph  of  the  interior  of  the  Poldhu  stationjn 
Cornwall,  which  Mr.  Marconi  has  built  for  these 
experiments,  shows  that  an  alternator  of  very 
considerable  size  is  required.  This,  if  report 
speaks  accurately,  generates  a  continuous  high- 
tension  Tesla  discharge,  which  is  interrupted 
by  means  of  a  magnetic,  or  more  probably  a 
mechanical,  blower.  The  radiator  consisted,  in 
the  first  instance,  of  50  naked  wire  conductors 
suspended  from  a  horizontal  wire  rope  joining 
the  top  of  two  masts,  each  48  metres  high,  and 
converging  to  a  common  centre.  A  correspond- 
ing station  at  Cape  Cod,  Mass.,  U.S.A.,  had  the 
conductors  suspended  from  a  circular  ring 
joining  the  tops  of  a  great  circle  of  masts  (see 
illustration),  but  both  stations  were  unfortunately 
wrecked  by  a  storm  within  a  short  time  of  each 
other.  A  new  station  is  being  erected  at  Poldhu, 
with  four  towers  of  scantling  arranged  in  a 
square  (see  illustration),  to  carry  the  vertical 
radiators,  which  will  hang  from  wires  joining 
the  tops  of  the  towers  and  will  meet  at  a  common 
centre.  Similar  stations  are  also  being  put  up 
in  America  and  in  Canada,  the  Government  of 
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which  has  subsidised    the  experiment   to   the 
extent  o£  ;^''i6,ooo. 

The  signals  received  across  the  Atlantic  by 
Mr.  Marconi  (the  letter  **  S "  repeated)  were 
transmitted  from  Poldhu  to  a  temporary  station 
in  Newfoundland,  where  the  vertical  wires  were 
suspended  from  a  balloon  or  kite.  The  con- 
stantly changing  capacity  of  this  conductor 
made  the  ordinary  Marconi  system  unworkable, 
and  the  signals  were  received  on  a  telephone 
by  means  of  a  mercury  coherer,  invented  by  a 
signalman  in  the  Italian  navy  named  Castelli. 
There  has  been  a  good  deal  of  discussion  in 
the  technical  press  over  the  merits  of  this  in- 
vention and  over  certain  rival  claims  to  it ;  and 
Mr.  Marconi  has  been  extensively  attacked  for 
not  mentioning  the  apparatus  in  reporting  his 
experiments,  as  well  as  for  (apparently)  patenting 
it  first  in  his  own  and  then  in  a  rival  claimant*s 
name.  The  mercury  coherer,  consisting  of  a 
globule  of  mercury  between  an  iron  and  a  carbon 
plug,  possesses  a  far  higher  degree  of  sensitive- 
ness than  the  ordinary  metal  filings  coherer, 
and  is  self-recovering.  Mercury  for  this  purpose 
has  been  proposed  long  ago,  both  by  Professor 
Chunder  Bose,  of  Calcutta,  whose  advanced 
and  early  researches  call  for  further  mention 
hereafter,  and  also  by  Mr.  Appleyard ;  but 
this  is  the  first  time  it  has  been  practically 
applied. 

MARCONI'8   NIW   RICIIVIR. 

Since  the  episode  above  referred  to,  Mr. 
Marconi  has  brought  out  a  newer,  and,  it  is 
claimed,  still  more  sensitive,  receiver,  based 
upon  the  known  fact  that  electric  waves  will 
magnetise  and  demagnetise  a  steel  needle. 
The  apparatus  was  fully  described  in  a  paper 
read  befoce  the  Royal  Society,  June  12th,  1902. 
Its  construction  is  as  follows : — 

On  a  core  consisting  of  thin  iron  wires  are  wound  one 
or  two  layers  of  fine  insulated  copper  wire.  Over  this 
winding  insulating  material  is  placed,  and  over  this 
again  another  longer  winding  of  thin  copper  wire.  The 
ends  of  the  winding  nearest  the  iron  core  are  connected 
to  the  plates  or  wires  of  the  resonator,  or,  as  is  the  usual 
practice  in  Marconi  long-distance  telegraphy,  to  earth 
and  to  an  elevated  conductor  ;  or  they  may  be  connected 
to  the  secondary  of  a  suitable  receiving  transformer  or 
intensifying  coil,  such  as  are  employed  for  syntonic 
wireless  telegraphy.  The  ends  of  the  other  winding  are 
connected  to  the  terminals  of  a  telephone  or  other 
receiving  instrument.  Xear  the  ends  of  the  core  is 
placed  a  magnet,  revolved  by  a  clockwork  arrangement, 


so  as  to  cause  a  slow  and  constant  change,  or  successive 
reversals,  in  the  magnetisation  of  the  iron  core.  If 
electrical  oscillations  of  suitable  period  be  sent  from  a 
transmitter,  rapid  changes  are  effected  in  the  magnetisa- 
tion of  the  iron  wires,  and  these  changes  cause  induced 
currents  in  the  windings,  which  in  turn  reproduce  on  the 
telephone  the  signals  sent  from  the  transmitting  station. 
Should  the  magnet  be  taken  away,  or  its  movement 
stopped,  the  receiver  ceases  to  be  perceptibly  affected  by 
the  electric  waves. 

The  phenomenon  exhibited  by  this  apparatus 
appears  to  be  a  change  in  "  lag "  or  magnetic 
hysteresis  caused  by  the  incidence  of  the  waves 
on  a  body  subjected  to  a  varying  magnetic 
field.  The  rapid  alterations  of  molecular  strain 
can  be  detected  by  a  telephone.  Mr.  Marconi 
claims  for  his  new  receiver  that  it  possesses  a 
practically  uniform  and  constant  resistance  much 
lower  than  that  of  a  coherer  in  its  sensitive  con- 
dition, also  that  it  will  work  with  a  much 
lower  E.M.F.  Its  usefulness,  however,  has  still 
to  be  tested. 

Mr.  Marconi's  system  has  had  the  advantage 
of  extensive  trials  in  the  navies  both  of  Great 
Britain  and  Italy  and  in  the  mercantile  marine. 
One  of  our  illustrations  shows  the  arrangement 
of  the  apparatus  on  board  S.S.  Minnetonka,  the 
latest  vessel  to  be  so  fitted  up.  Another  illus- 
tration shows  one  of  the  masts  erected  in  the 
Hawaiian  group  of  islands  by  a  private  company 
for  inter-insular  communication.  The  venture 
has,  for  some  reason,  broken  down,  but  there  is 
some  talk  of  restoring  it.  Marconi  apparatus 
was  also  tried  in  the  South  African  War 
without  great  success,  owing,  as  Mr.  Marconi 
himself  says,  to  want  of  masts  and  proper  condi- 
tions of  working.  The  system  (speaking  of 
**  wireless  "  telegraphy  in  general)  certainly  seems 
more  adapted  for  sea  than  for  land  communica- 
tion,* and  is  Hkely  to  come  into  common  use 
on  ships.  It  is  already  installed  at  many 
of  the  Lloyds*  calling  stations,  the  Marconi 
Company  having  succeeded  in  getting  a  fourteen 
years'  monopoly  from  the  Corporation  of 
Lloyds. 

In  the  next  article  we  shall  deal  with  a  number 
of  inventors  whose  work  has  not  yet  attained 
the  range  or  the  prominence  of  Marconi's,  but 
who  have,  nevertheless,  contributed  to  the 
development  of  "  wireless  "  telegraphy,  and  who 
may  presentlv  come  forward  as  rivals  in  the 
field. 


•  The  Oriinji-Armstrong  and  other    earth<curreDt    systems  are,  of 
courvc,  an  exception  to  this  rule. 
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THE  WORLD'5  GREATEST  5U5PEN5ION 

BRIDGE. 

BY 

W.  B.  NORTHROP. 


T>ETWEEN  New  York  and  Brooklyn  cities 
^  there  is  now  being  built  the  largest  high- 
way suspension  structure  in  the  world.  Already 
the  making  of  the  great  suspension  cables  has 
begun,  and  the  work  is  progressing  at  a  rate 
which  assures  the  completion  of  the  bridge  in 
about  two  years. 

This  bridge  will  cost,  for  the  structure  alone, 
about  ;^i,6oo,ooo,  and  including  the  money 
which  must  be  paid  out  for  the  right  of  way 
over  certain  city  property,  ;^2,7oo,ooo. 

Compared  with  some  of  the  present  big 
bridges  of  the  world,  the  New  East  River 
Bridge  takes  easy  precedence.  The  centre 
span  is  i,6oo  ft.,  5  ft.  longer  than  the 
Brooklyn  Bridge,  320  ft.  longer  than  the 
famous  bridge  at  Clinton,  Canada,  and  780  ft. 
longer  than  the  suspension  bridge  over  Niagara 
River,  near  the  Falls.  On  completion  it  will 
connect  one  of  the  most  densely  populated  dis- 
tricts of  New  York  city  with  one  of  the  largest 
thoroughfares  of  Brooklyn.  The  bridge  will 
span  the  East  River  between  Delancy  Street, 
New  York,  and  South  Sixth  Street,  Brooklyn. 
Delancy  Street  is  very  near  Grand  Street, 
on  the  New  York  side,  while  South  Sixth 
Street  is  but  one  block  north  of  Broadway, 
Brooklyn. 

The  total  length  of  the  new  bridge,  including 
spans   and   approaches,  will    be   7,200  ft.,  the 


approaches  on  both  sides  being  about  1,200  ft. 
longer  than  those  of  the  present  Brooklyn 
Bridge. 

Between  the  Brooklyn  Bridge  and  the  New 
East  River  Bridge  will  exist  a  strong  family 
resemblance.  The  towers  of  the  former,  how- 
ever, are  composed  of  stone,  while  those  of  the 
latter  are  of  iron. 

When  it  was  first  proposed  to  throw  a  span 
of  iron  across  the  East  River,  in  1870,  at  the 
time  of  the  projection  of  the  Brooklyn  Bridge, 
the  plan  was  considered  by  many  to  be  utterly 
impracticable.  Engineering  authorities  laughed 
the  project  to  scorn,  while  the  general  public 
regarded  it  as  altogether  chimerical. 

It  was  only  after  the  Brooklyn  Bridge  had 
been  subjected  to  years  of  severe  straining  that 
the  public  felt  assurance  in  patronising  it. 
Even  when  it  was  proposed,  a  few  years  ago, 
to  run  two  additional  lines  of  cars  on  the  outer 
roadway,  it  was  suggested  that  the  bridge  was 
not  sufficiently  strong  to  bear  the  weight. 

To  show  the  advancement  in  ideas  since  the 
building  of  the  Brooklyn  Bridge,  it  may  be 
stated  that  not  a  question  has  been  raised  as  to 
the  mechanical  possibilities  of  the  present 
project.  Everyone  in  America  regards  it  as  a 
matter  of  course,  and  some  even  imagine  the 
new  bridge  will  bear  ten  times  more  weight 
than  will  actually  be  put  upon  it. 
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STRETCHING   THE    FIRST  CABLE    FROM    NEW   YORK   TO   THE   BROOKLYN   TOWER. 


PRILIMINARY    WORK. 

A  gre.it  deal  o£  preliminary  work  had  to  be 
done  before  a  suitable  site  could  be  found, 
where  the  water  would  not  be  too  deep,  and 
where  the  bed  on  which  the  foundations  were 
to  rest  would  be  sufficiently  firm.  Exactly 
similar  points  had  to  be  chosen  on  both  the 
New  York  and  Brooklyn  sides  of  the  East 
River. 


The  first  step  in  the  constiiiction  of  the  new 
bridge  was  the  sinking  of  immense  caissons. 
The  caisson  is  built  according  to  the  depth  of 
water  in  which  it  must  operate.  On  the  New 
York  side  this  depth  was  but  20  ft,  the 
principal  caisson  having  been  28  ft.  high, 
63  ft.  wide,  and  79  ft.  long.  It  weighed  1,400 
tons.  Its  sides  were  of  14-in.  timber,  the 
interior   being  of  southern    pine,   planed   and 
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squared,  and  covered  by  an  additional  planking 
2  in.  thick,  tongued  and  grooved  together. 
The  caisson  was  caulked  thoroughly  and  tarred 
throughout. 

Men  who  work  in  caissons  under  the  beds  of 
rivers  are  called  **  Sand  Hogs."  Each  gang  has 
two  **  shifts  "  of  four  hours*  duration.  "  Sand 
Hogs"  receive  about  eighteen  shillings  a  shift 
for  their  wages.  Where  the  depth  is  very 
^reat  the  men  labour  at  much  physical  dis- 
advantage. Their  wages  are,  in  consequence, 
proportionately  higher.  Some  only  remain 
down  about  ninety  minutes,  this  securing  them 
a  day's  pay. 

The  main  danger  to  caisson  workers  comes 
from  passing  too  quickly  through  the  air  locks. 
Of  course,  as  one  descends  towards  the  river 
bed  the  atmospheric  pressure  increases.  If  one 
goes  through  an  air  lock  too  quickly  the  sudden 
increase  or  decrease  of  pressure  will  affect  the 
lungs  and  heart.  If  the  workman  neglects  to 
take  proper  rest  after  caisson  work,  he  gets  a 
strange  malady  called  by  the  men  "  bend."     It 


is  a  species  of  paralysis  which  often  terminates 
fatally. 

FOUNDATIONS    IN    DIIP   WATIR. 

When  the  sand  in  the  air  chamber  has  been 
removed  to  a  sufficient  depth  and  the  bed  rock 
is  reached,  the  laying  of  the  foundation-stones 
of  the  bridge  proper  on  the  bed  of  the  river  is 
commenced. 

Though  the  depth  of  water  on  the  New  York 
side  was  but  little,  that  on  the  Brooklyn  end 
was  more  than  lOO  ft.  Some  parts  of  the  work 
were  carried  on  at  a  depth  of  105  ft. — within 
15  ft.  of  the  depth  beyond  which  it  is  impossible 
for  human  beings  to  do  this  class  of  work.  At 
120  ft.  below  the  surface  there  is  a  pressure  of 
5777  lbs.  per  square  inch,  as  against  a  normal 
pressure  of  15  lbs.  per  square  inch,  and  at  this 
great  depth  it  is  fatal  to  stay  for  more  than  five 
minutes. 

8TRINQTH,   MATERIALS,  AND   DIMINSIONa 

The  new  bridge  will  be  four  times  as  strong 
as  Brooklyn  Bridge,  and  yet  the  material  in  the 
old  bridge  is  far  more  massive.     The  weight  on 
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LOOKING   UP  AT   FOOT-BRIDGE. 


the  tower  foundations  of  the  Brooklyn  Bridge 
is  100,000  tons,  while  that  on  the  foundations  of 
the  new  bridge  is  but  30,000  tons.  The  differ- 
ence is  owing  to  the  use  of  steel  for  the  towers 
of  the  new  bridge,  as  already  mentioned. 

The  width  of  the  bridge  will  be  118  ft.— 33  ft. 
wider  than  Brooklyn  Bridge.  It  will  carry  six 
railway  tracks,  as  against  four  of  the  old  bridge, 
and  there  will  be  two  wide  roadways. 

The  enormous  gain  in   strength  of  the  new 


bridge  over  the  old  is  due  to  the  fact  that  the 
cables  of  the  former  are  to  be  used  solely  for 
supporting  the  span  which  depends  over  the 
river.  In  the  Brooklyn  Bridge,  however,  the 
cables  support  both  the  land  spans  and  river 
spans.  The  shore,  or  land,  spans  of  the  new 
bridge  are  supported  partly  by  the  anchorage 
and  partly  by  intermediate  towers,  placed 
between  the  anchorages  and  towers  of  the 
suspension  portion  of  the  bridge. 
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PHOTO   TAKEN    FROM   CENTRE   OF  FOOT-BRIDGE,   LOOKING   WEST,   TOWARDS   BROOKLYN. 


All  the  cables  will  have  to  do  in  the  new 
bridge  will  be  to  support  the  i,6oo-ft.  span 
which  stretches  across  the  river  at  an  elevation 
^^  ^35  ^t. — at  its  lowest  point — above  the  surface 
of  the  water.  This  height  will  only  be  attained 
at  the  central  point  of  the  bridge,  however,  the 
whole  suspension  portion  of  the  bridge  forming 
a  graceful,  though  gentle,  arc.  At  the  land  end 
of  the  suspension  on  each  side  of  the  river  the 
height  will  be  only  117  ft. 

The  steel  towers  of  the  new  bridge  are  333  ft. 
high.  The  towers  and  land  spans  required 
12,000  tons  of  steel  in  their  building.  Each 
tower,  taken  separately,  weighs  3,000  tons. 

GENERAL    PEATUREa 

The  bridge  itself  will  consist  of  four  cables, 
with  two  trusses.      Each   cable  will  have   37 


strands,  each  strand  consisting  of  281  wires. 
This  will  make  10,397  wires  to  each  cable.  The 
diameter  of  each  cable  will  be  18 J  in.  The 
wire  in  the  bridge  will  have  a  tensile  strength 
of  200,000  lbs.  per  square  inch.  These  wires 
will  have  to  bear  the  weight  of  the  bridge 
proper,  which  will  exert  a  pull  of  20,000  tons  on 
the  wires.  All  of  this  weight  will  be  borne  by 
the  anchorages  on  each  side  of  the  immense 
structure.  These  anchorages  are  made  of 
massive  blocks  of  stone,  each  anchorage  con- 
taining 45 ,000  cubic  yards  of  material.  In  the 
entire  bridge,  when  completed,  there  will  have 
been  used  6,500,000  ft.  of  timber,  130,000  cubic 
yards  of  masonry,  and  45,000  tons  of  steel.  The 
work  will  necessitate  excavation  of  125,000 
cubic  yards  of  material,  and  the  destruction  of 
more  than  500  buildings. 
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ON   THE   CENTRE   OF   THE    FOOT-BRIDGE— A   PERILOUS   POST. 


The  new  bridge  is  one-sixth  longer  than  the 
Brooklyn  Bridge,  and  its  average  width  is  40 
per  cent,  greater  than  the  older  structure.  In  its 
great  breadth  of  118  ft.  it  will  accommodate 
two  carriage-ways,  each  20  ft.  wide.  In  addition, 
there  will  be  two  lines  for  elevated  railway 
trains  and  four  tracks  for  surface  cars,  all  of 
which  will  be  run  by  electricity.  Two  foot- 
walks,  each  12  ft.  wide,  and  two  bicycle  paths, 
each  7  ft.  wide,  will  occupy  a  place  just  above 
the  electric  surface  car  tracks. 

Five  hundred  men  have  been  kept  constantly 
employed  on  the  New  East  River  Bridge 
almost  since  the  day  the  work  began.  This 
figure  refers  to  men  actually  employed  in  the 
work ;  not  to  that  large  additional  number 
working  in  the  various  steel  mills  turning  out 
portions  of  the  super-structure. 

Now   that    the    foundations,  supports,    land 


spans,  steel  towers,  and  anchorages  are  finished 
the  work  of  the  men  is  centred  on  the  con- 
struction of  an  elaborate  foot-bridge. 

The  foot-bridge  in  question  has  taken  three 
months  to  build,  and  has  cost  about  ;^40,ooo. 
It  is  only  temporary ;  its  object  is  to  afford  the 
men  a  foothold  while  engaged  in  the  process 
technically  called  **  cable  making." 

The  foot-bridge  consists  of  twelve  2j-in. 
cables,  arranged  in  four  groups  of  three  each. 
Each  cable  is  about  4,000  ft.  long,  and  stretches 
from  the  anchorage  on  one  side  of  the  river  to 
that  on  the  other. 

The  process  of  throwing  even  these  small 
cables  for  the  foot-bridge  from  tower  to  tower 
was  by  no  means  an  easy  task.  There  is  so 
much  traffic  on  the  East  River,  New  York,  that 
the  work  of  stretching  the  first  set  of  cables  had 
to  be  done  with  great  rapidity.     As  a  matter  of 
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fact,  it  was  accomplished  in  something  under 
twenty  minutes.  There  were  several  large  bets 
lost  in  New  York  on  the  day  the  cables  were 
stretched,  many  believing  the  work  would  take 
at  least  half  a  day. 

HOW   THE    FIRST   CABLE   WAS    STRETCHED. 

On  the  morning  set  for  the  stretching  of  the 
first  cable  between  the  towers — April  nth, 
1901 — a  large  barge  was  towed  to  the  base  of 
one  of  the  steel  towers.  On  this  barge  was  a 
reel  containing  the  cable.  One  end  of  the 
cable  was  hitched  to  a  wire  rope  and  hauled 
up  over  the  steel  tower.  It  was  then  passed 
back  to  the  anchorage,  where  it  was  made  fast. 
A  tug-boat  then  pulled  the  barge  out  across 
the  river.  As  the  barge  passed  away  from  the 
tower,  the  reel  with  the  cable  unwound.  The 
wire  was  allowed  to  sink  to  the  iDottom  of  the 
river.  This  prevented  the  cable  from  interfering 
with  river  traffic.  The  cable  rested  on  the 
bottom  of  the  river  until  the  engineers  were 
ready  to  haul  the  end  of  it  up  to  the  tower  on 
the  side  of  the  river  opposite  to  that  on  which 
the  first  end  had  been  made  fast. 

The  four  cables  were  all  hauled  up  in  this 
manner.  The  foot-bridge  subsequently  built 
was  put  up  through  the  agency  of  a  number  of 
travelling  platforms,  called  **  buggies,"  which 
hung  down  from  the  cables.  Men  on  these 
*'  buggies"  laid  the  planking  of  the  foot-bridge. 
The  **  buggies  "  moved  along  each  day  as  the 
work  progressed. 

When  the  foot-bridge  is  completed,  the 
making  of  the  cables  proper  begins.  Guide 
wires  are  first  laid  between  the  towers,  so  that 
the  workmen  can  tell  just  how  much  the  big 
cable  should  **  sag,"  or  drop  down,  in  the 
middle. 

The  main  cables  will  be  made  up  of  8,000 
miles  of  line  wire.  This  wire  will  be  wound 
back  and  forth  across  the  river,  just  as  a  skein 
of  thread  is  wound  between  the  two  hands.  As 
has  been  said,  the  cables  will  be  divided  into 
strands,  each  strand  having  281  wires,  each 
cable  having  37  strands.      Each  wire   making 


up  the  cables  is  carried  over  the  towers,  resting 
on  great  saddles,  one  saddle  being  on  the  top  of 
each  tower.  As  each  strand  of  281  wires  is  made 
up,  it  is  held  together  by  temporary  steel  bands, 
put  on  the  cables  at  certain  distances  along 
their  entire  length.  On  the  making  up  of  the 
complete  cable  of  10,397  wires,  the  temporary 
steel  bands  are  removed  and  permanent  bands 
are  put  in  their  place.  These  bands  are  of  cast 
steel,  and  will  encircle  the  entire  cable.  From 
them  will  hang  down  wire  ropes,  or 
**  suspenders,"  which  will  hold  up  the  floor 
beams  of  the  bridge  proper. 

After  all  the  bands  have  been  put  on  the 
cable,  the  latter  will  be  covered  by  steel  shields, 
each  shield  overlapping  the  other  in  such  a  way 
as  to  shed  water.  It  is  noteworthy  that  all  the 
wires  in  the  four  cables  will  form  one  con- 
tinuous coil.  Each  coil  will  run  out  about 
64,000  feet  before  it  will  be  necessary  to  join 
another  coil  to  it.  While  each  strand  is  being 
made  up,  it  will  rest  in  a  temporary  saddle. 
When  the  cable  is  complete,  it  will  be  taken 
from  this  saddle  and  dropped  into  place.  Thus, 
the  cables  will  at  first  be  somewhat  higher  than 
their  final  actual  position. 

THE    ANCHORAGES. 

The  ends  of  the  cables  will  pass  into  great 
bars  called  **  eyebars  " — each  having  a  loop  in 
its  outer  end.  These  eyebars  are  deeply  em- 
bedded in  the  masonry,  there  being  twenty 
bars  to  each  anchorage  on  either  side  of  the 
river. 

Each  eyebar  is  composed  of  steel,  and  the 
bars  are  arranged  in  sets.  There  will  be  four 
eyebars  to  every  three  strands. 

Actual  cable  making  on  the  great  bridge  has 
begun,  and,  as  has  been  said,  the  structure  will 
be  completed  in  about  two  years.  The  chief 
engineer  is  Mr.  L.  L.  Buck,  who  worked  with 
Mr.  Roebhng  on  the  Brooklyn  Bridge  and  also 
built  the  famous  suspension  bridge  across 
Niagara  Falls.  The  bridge  will,  on  completion, 
be  a  veritable  triumph  of  twentieth-century 
engineering. 
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This  article  illustrates  boxes  of  gears  for  producing;  positive  feeds.    It  also  treats  of  circular  milling,  and  vertical  spindles. 


IV. 


'TpHE  principal  recent  geared  feeds 
^  illustrated  in  this  article  are 
of  special  interest  at  the  present 
time,  because  the  trend  is  unmis- 
takably in  the  direction  of  the 
substitution  of  these  for  belt  feeds. 
But  two  years  ago  they  were  still 
retained  by  the  leading  manufac- 
turers ;  now  they  are  no  longer  in 
evidence  in  their  practice.  One 
cannot  wholly  attribute  this  change 
to  mere  fad  or  fashion,  though  the 
belt  system  is  still  retained  in  many 
good  machines.  It  must  be  recog- 
nised as  one  result  of  the  present 
demand  for  the  heavier  duty  required 
from  milhng  machines,  in  common 
with  other  tools,  such  as  lathes, 
grinders,  planing  machines,  gear 
cutters,  etc. 

In  the  milling  machine  there  is 
one  case  particularly  for  which  the 
powerful  geared  feeds  are  eminently 
suitable,  namely,  the  feeding  of 
heavy  work  vertically.  The  eleva- 
tion of  a  heavy  table  with  a  massive 
piece  of  work  upon  it  makes  severe 
demands  upon  the  feed,  which  is 
better  met  by  toothed  wheels  than 
by  belting,  unless  the  latter  is  of 
good  width,  and  taut. 


FIG.  4. 
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FIG.    I.      UPPER   GEAR   BOX  OF  CINCIXXATI    WACHIXESt    WITH 
COVER   REMOVED  FROM    MITRE   GUARS. 


THK  PEED  ARRANQBMBNT8    OP  THE    NEW 
CINCINNATI    MACHINES. 

The  Cincinnati  Milling  Machine  Com- 
pany now  derive  the  feeds  from  the 
spindle,  on  their  back  geared  machines, 
in  place  of  the  belt  cones  previously 
used.  The  positive  feeds  can  be 
changed  by  simple  lever  movements 
while  the  machine  is  running.  From 
twelve  to  sixteen  changes  are  thus 
obtainable  on  different  machines.  The 
illustrations  (figs,  i  to  4)  will  render  the 
method  of  operation  apparent. 

The    gears     are   contained    in    two 


boxes  ;  one  at  the  rear  end  of  the 
spindle  (fig.  i)  shown  in  section  in 
fig.  2,  the  other  below,  at  the  rear 
of  the  column  (figs.  3  and  4),  the 
two  being  connected  by  a  vertical 
telescopic  shaft.  In  fig.  4  the  covers 
by  which  the  wheels  are  enclosed 
in  the  box  are  removed  to  show 
the  internal  arrangements.  For 
every  spindle  speed,  two  speeds  are 
imparted  to  this  shaft  by  the  sliding 
gears  A,  in  the  upper  box  (fig.  2), 
by  means  of  the  lever  seen  in  fig.  i. 
Two  feed  gears  in  the  lower  box  are 
thus  driven  in  the  first  place.  These 
are  the  upper  ones  in  fig.  4.  Each 
one  is  in  permanent  engagement 
with  a  wheel  on  one  of  two  nests  of 
cone  spur  gears — the  lower  wheels 
in  the  box  {Hg,  4)  mounted  loosely 
on  their  shaft,  and  independent  of 
one  another.  The  larger  of  the  two 
upper  gears  engages  with  the  smallest 
wheel  on  the  right-hand  cones,  the 
smaller  meshes  with  the  largest 
wheel  on  the  left-hand  cone,  so  that 
these  run  at  widely  different  rates. 

The  means  by  which  varying 
nates  are  transmitted  thence  to  the 
machine  slides  are  by  the  interme- 
diate sHding  gear  in  fig.  4 — the  one 
which  stands  out    to   the  front,  on 


FIG.  2. 
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its  own  separate  spindle.  This  is  moved  along 
its  shaft  and  brought  into  engagement  with 
either  wheel  on  the  series  of  cones.  It  is 
moved  longitudinally  by  the  rack  and  sector 
seen  below.  The  lower  lever  is  placed  in 
position  opposite  figures  marked  on  the  quad- 
rant (lig.  3),  which  indicate  the  rate  of  feed  in 
thousandths  of  an  inch  per  revolution  of  the 
spindle.  The  intermediate  wheel  is  now 
brought  into   engagement  by  the   upper  lever 


THI  QKAR  BOX  OP  THE  NEW  BROWN 
8HARPE  MACHINES. 


AND 


The  latest  Brown  and  Sharpe  feed  is  also  an 
interesting  one.  One  of  the  machines  to  which 
it  is  applifed  was  illustrated  in  fig.  3  in  the 
August  issue,  and  that,  with  the  sectional  view 
(fig.  5)  here  given,  and  description,  will  render 
its  essential  features  clear.  In  this  case  also 
the  feeds  are  derived  from  the  spindle  speeds. 
Sprocket  wheels  and  a  pitch  chain  are  used, 


FIG.  3. 


EXTERNAL  VIEW   OF   LOWER   FEED   BOX  OX    NEW 
CINCINNATI    MACHINES. 


(^S-  3),  which  moves  the  mechanism  bodily.  A 
helical  groove  in  the  hub  of  the  lever  engages 
a  pin  in  the  slide  which  carries  the  intermediate 
gear  and^  the  sector  rack  and  lower  lever. 
The  gears  are  of' steel,  cut,  and  the  bearings  of 
bronze. 

The  driving  cone  and  back  gears  are  so  pro- 
portioned that  each  of  the  sixteen  spindle 
speeds  is  correct  for  the  most  suitable  surface 
speed  for  cutters  of  standard  diameters,  when 
working  at  speeds  of  20,  40,  and  60  ft.  per 
minute. 


driving  from  the  spindle  to  the  change  gear 
box  at  the  side  of  the  pillar,  A  (fig.  5)  being  the 
driven  sprocket.  This  rotates  the  shaft,  B,  on 
which  are  two  wheels,  C,  D ;  C  running  on  the 
shaft  with  a  long  boss,  and  D  running  on  the 
boss  of  C.  These  are  actuated  by  the  clutches, 
a  and  6,  by  the  movement  of  a  lever  outside 
the  box,  the  range  of  movement  of  the  clutch 
being  arrested  in  each  direction  by  a  knob. 
When  gear  C  is  in  operation  a  slow  series  of 
feeds  is  thrown  in  ;  with  gear  D,  a  series  of 
quick  ones.     Either  movement  is   transmitted 
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FIG.    5. 


through  an  intermediate  shaft,  E,  to  the  loose 
wheels  on  the  feed  shaft,  E,  which  transmits 
power  to  the  table  through  a  telescopic  shaft. 
The  two  sets  of  gears,  c  and  d^  are  keyed  upon 
E.  The  loose  wheels  on  F  have  long  hubs 
running  one  upon  another,  except  those  at  the 
extreme  ends,  which  go  directly  upon  the 
shaft.  These  wheels  are  engaged  by  a  series  of 
six  locking  pins,  two  of  which  are  shown  at  e 
and/,  and  which  enter  recesses  in  the  hubs  of 
the  gears.  An  index  disc,  g^  controls  the  posi- 
tion of  these  pins.  It  turns  on  the  disc,  /r,  and 
carries  a  cam  for  actuating  levers  that  are 
fastened  to  the  ends  of  small  pinions  that  engage 
with  rack  teeth  cut  in  the  locking  pins — details 
not  shown  in  this  figure.     The  pinion  levers 


drop  into  a  recess  in  the  index  disc,  and,  as 
there  is  but  one  recess,  only  one  feed  can  be 
engaged  at  one  time. 

THE    GEAR    PBID8   OP   THE    GARVIN    MACHINES. 

The  latest  machines  by  the  Garvin  Machine 
Company,  for  whom  Messrs.  C.  W.  Burton, 
Griffiths  and  Co.,  of  London,  are  the 
English  agents,  differ  in  several  details  from 
common  types.  There  is  no  telescopic  shaft, 
but  movement  is  communicated  to  a  vertical 
feed  shaft  situated  within  the  column.  The 
feed  is  chain  operated,  and  derived  from  a 
sprocket  wheel  on  the  rear  end  of  the  spindle. 
Slack  is  taken  up  by  moving  the  feed  box 
bodily    vertically,    with    an    adjusting    screw. 
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FIG.  6.      CIRCULAR    MILLING    MACHINE. 


Nine  changes  of  feed  are  obtainable  directly  by- 
cones  of  gears  in  the  box,  and  nine  more  by 
transposing  the  wheel  and  pinion  on  the 
spindles  at  the  end  of  the  gear  box.  The 
eighteen  changes  thus  obtained  range  from 
2>o-  in.  to  ]  in.  for  each  revolution  of  the 
spindle.  The  change  gears  are  hardened,  and 
run  in  oil.  They  are  put  into  eni^agement  by 
means  of  index  levers  and  spring  keys,  and 
locked  by  a  lever  in  notched  dial  plates. 

CmCULAIt  MIIJL1MQ.-THK    HOUK>VD  MACMIMK. 

Firms  specialize  around  standard  types  of 
machines,  and  in  some  cases  the  additions 
practically  constitute  a  new  type.  Thus  in  the 
machine  by  Messrs.  John  Holroyd  and  Co..  Ltd., 


of  Milnrow,  near  Rochdale  (fig.  6),  a  horizontal 
miller  possesses  the  apparent  anomaly  of  being 
without  vertical  adjustment  either  to  the  head 
or  the  table.  The  reason  is  that  an  attachment 
is  fitted  on  the  table  to  perform  one  function 
only,  namely,  that  of  circular  milling.  This  is  a 
class  of  work  that  the  lathe  is  being  deprived 
of  by  the  milling  machine,  and  which  has  been 
performed  regularly  for  some  years  past  on 
worm  wheel  blanks.  Its  special  value  lies  in 
tooling  light  wheel  rims,  and  rings  that  would 
be  very  liable  to  spring  if  done  in  a  lathe. 
This  practice  is  sufficiently  promising  to  induce 
Messrs.  Holroyd,  who  make  a  speciaUty  of 
milling  machine  manufacture,  to  design  the  tool 
here  illustrated  in  figs.  6  to  9.     The  photo  (fig.  6) 
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shows  a  strap  being  tooled  internally  with  a 
cutter  having  the  sectional  form  of  the  recess 
in  the  strap.  This  machine  takes  work  up  to 
14  in.  in  diameter.  The  drawings  (figs.  7  to  9)  are 
given  to  show  details  which  are  not  apparent  in 
the  photo.  They  illustrate  a  machine  designed 
for  the  same  class  of  work  as  fig.  6,  but  larger, 
taking  diameters  up  to  24  in. ;  besides  which 
there  are  some  little  differences  in  the  details. 
The  construction  will  be  understood  by  the  aid 
of  the  following  remarks : — 

The  headstock  (fig.  7)  is  bolted  on  a  base, 
which  has  an  extension  in  front  of  the  head, 
coming  forwards,  "|  shaped  in  plan  to  carry  the 
circular  attachment.  The  headstock  is  of 
ordinary  back-geared  lathe  type,  having  a  steel 
spindle,  with  conical  necks,  and  provision  for 
taking  up  wear.  The  four-stepped  cones  and 
back  gears  give  eight  changes  of  speed.  The 
cutter  arbor  fits  with  a  tapered  shank  into  the 
spindle  nose,  and  its  outer  end  is  supported  by 
a  bracket  from  the  arm  overhead,  which  can  be 
removed  when   it  comes  in  the  way,  as  for 


internal  milling.  In  the  machine  illustrated  by 
the  photo  (fig.  6)  there  is  no  overhead  arm  and 
no  support  to  the  arbor.  In  this  machine,  too, 
the  work  in  the  circular  milling  attachment  is 
rotated  from  a  single  stepped  pulley  with 
flanges  ;  in  the  other  (figs.  8  and  9)  it  is  driven 
from  a  three-stepped  pulley,  which  can  be 
thrown  out  of  action  by  a  lever  and  sliding 
clutch. 

The  driving  is  through  two  sets  of  worm- 
gear,  seen  in  the  photo  and  drawings  (figs.  6 
and  8).  The  first  worm,  a,  driving  wheel  6,  is 
operated  from  the  clutched  pulley-shaft,  A, 
through  a  pair  of  equal  spurs,  c  c,  encased.  It 
should  be  noted  that  c  c  are  really  change 
wheels,  and  an  extra  pair  is  supplied  which  are 
not  equal  to  each  other.  In  this  way  the 
circular  feed  can  be  reduced  or  increased,  and 
nine  different  rates  of  feed  are  obtained  from 
the  three-stepped  cone  pulley.  The  second 
worm,  t/,  which  is  divided  to  take  up  wear, 
is  on  the  spindle  of  the  worm-wheel,  b. 
A  slow,  powerful  drive  is  thus  obtained  to  the 
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wheel,  B,  which  in  the  case  of  fig.  8  can  be 
varied  by  the  stepped  cone-pulleys,  C,  on 
machine  and  counter.  The  cross  adjustments 
of  the  compound  slides  are  effected  by  hand 
wheels,  but  there  is  an  automatic  trip  and  stop 
motion,  which  is  adjustable  round  the  large 
worm  wheel,  B,  to  arrest  the  rotation  at  any 
point,  and  which  operates  by  throwing  over  the 
clutch,  D.  The  manner  in  which  this  is  effected 
is  as  follows  : — 

The  hand  lever,  E,  has  a  long  boss,  and  facing 
this  is  another  boss  belonging  to  a  trip  lever. 
A  long  pin,/,  connects  the  two,  so  that  when  the 
latter  is  moved  the  hand  lever  through  its  slipper 
block,  rf,  throws  out  the  clutch,  D.  To  render 
the  trip  automatic  at  any  point,  a  loose  ring,  /r, 
is  fitted  against  the  face  of  the  worm  wheel,  B. 


These  details  are  seen  in  fig.  8,  but  some  of 
them  are  enlarged  for  greater  clearness  in  Fig. 
9.  The  worm  wheel,  B,  has  an  annular  groove,  f , 
to  receive  a  couple  of  locking  bolts,  by  which 
the  ring,  n,  can  be  secured  against  the  face  of 
the  wheel  at  any  position.  The  object  of  this  is 
to  bring  the  notch,  ^,  in  the  ring  at  any  desired 
part  of  the  circle.  The  notch  receives  the  free 
end  of  the  trip  lever,  e,  which  is  pushed  into  the 
notch  on  arriving  opposite  to  it  by  a  coiled 
spring,  and  so  pulls  out  the  clutch,  D,  by 
operating  the  clutch  lever,  tf,  through  the  long 
pin,  /.  The  set  screw,  /,  can  be  adjusted  to 
compensate  for  the  wear  of  the  end  of  the 
lever  in  its  contact  with  the  face  of  the  ring. 
The  position  of  the  cutter  arbor  is  indicated 
atF. 
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FIG.  8.      (section.) 


VBRTIOAL    SPINDLE    ATTAOHMENTS    TO 


Hitherto  we  have  considered  the  horizontal 
spindle  machines  only,  and  for  the  greater 
number  of  operations  which  are  performed  on 
pillar  and  knee  machines  the  horizontal  arrange- 
ment is  best.  But  so  many  cases  arise  in  which 
it  is  either  desirable  or  necessary  for  the 
spindle  to  be  set  vertically,  that  a  goodly 
number  of  machines  are  made  with  auxiliary 
vertical  spindles.  Several  machines,  also  of  the 
pillar  and  knee  type,  have  their  spindles  set 
permanently  in  a  vertical  position  instead  of 
horizontally. 

One  of  the  principal  advantages  which  the 
horizontal  spindle  possesses  over  the  vertical  is 
that  both  edge  and  face  cutters  can  be  used 
upon  it.    The  horizontal  arbors  for  edge  mills 


are  supported  by  the  overhanging  arms,  the 
face  mills  are  carried  only  by  the  spindle.  In 
vertical  machines,  a  few  of  those  of  large 
dimensions  excepted,  no  support  is  given  to 
edge  mills  beyond  that  afforded  by  the  spindle, 
and  this  limits  the  depth  of  work  on  which 
they  can  operate  with  heavy  cuts  without  risk 
of  chatter. 

A  vertical  spindle  attachment  is  a  most  useful 
adjunct  for  key-seating,  and  cutting  tee  slots, 
worms,  and  spiral  gears,  etc.,  when  pieces  can- 
not be  placed  at  right  angles  with  the  table. 
The  attachment  is  supported  from  the  over- 
hanging arm,  and  the  spindle  is  driven  from 
the  main  spindle,  either  by  spiral  or  bevel  gears. 
The  spindle  is  also  capable  of  being  set  at  any 
angle,  from  the  vertical  to  the  horizontal.  A 
stage  further  is  reached  when  the  attachment 
is  made  universal,  a  design  which  is  added  to 


Digitized  by 


Google 


4o6 


Page's  Magazine, 


Continental  machines   more   than  to   those  of 
American  or  English  manufacture. 

THE   NEW   CINCINNATI    VERTICAL    SPINDLE     HEAD. 

The  advantages  of  being  able  to  use  a  vertical 
or  horizontal  spindle  at  will  is  the  reason  of  the 
popularity  of  that  large  number  of  designs  in 
which  both  are  embodied,  together  with  pro- 


in  a  new  one  by  the  Cincinnati  Milling  Machine 
Company  (fig.  ii),  and  in  the  sectional  elevation 
(fig.  lo).  The  head  can  be  swivelled  in  a  vertical 
plane  through  360  deg.,  by  means  of  a  circular 
tee  groove,  A.  The  circle  bearing  the  graduations 
is  divided  into  degrees,  and  is  large,  being  8|  in. 
in  diameter,  which  is  an  important  feature,  be- 
cause it  brings  the  graduations  sufficiently  far 


FIG. 


vision  for  setting  the  head  at  any  vertical  angle. 
But  if  the  volume  of  work  will  justify  the  laying 
down  of  machines  of  both  types,  then  it  is  better 
to  keep  them  distinct.  If  not,  the  next  thing  is 
to  see  that  rigidity  and  accuracy  are  not  sacri- 
ficed in  order  to  gain  the  convenience  of  two- 
spindle  machines.  An  illustration  of  what  a 
combination  head  of  this  kind  should  be,  is  seen 


apart  to  read  clearly.  Four  f-in.  bolts  secure  the 
head  in  place.  The  body  swivels  in  a  bracket, 
B,  that  is  clamped  on  the  overhead  arm,  C, 
which  steadies  the  overhanging  portion  that 
carries  the  vertical  spindle.  When  there  is 
occasion  to  change  cutters,  while  the  work  is 
on  the  machine,  the  head  can  be  swung  at 
an  angle,  and  the  operator  has  all  the  room  he 
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FIG.    II.      VERTICAL   SPINDLE   ATTACH MEXT   BY  THE  CINXINNATI    MILLING 

MACHINE  CO. 


requires  for  making  the  change.  This  obviates 
the  awkward  position  which  often  arises  from 
a  lack  of  room  for  changing  cutters  on  the 
usual  rigid  vertical  spindle  miller. 

The  spindle,  D,  is  tapered  at  its  lower  end, 
and  runs  in  a  babbitted  bearing.  It  is  adjusted 
to  this  bearing  by  means  of  the  lock  nut  on  its 
upper  end.  The  upper  box  is  of  bronze,  and 
tapered  on  its  outside.  It  is  adjusted  to  this 
end  of  the  spindle  by  means  of  the  lock  nut,  a, 
on  the  box.  This  method  of  adjustment  is 
similar  to  that  used  on  the  horizontal  spindle  of 
the  machine.  Particular  notice  should  be  taken 
of  the  method  of  securing  the  cutter  shanks  in 
the  spindle.  These  shanks  are  shaped  in  the 
form  of  a  clutch,  which  matches  another  on  the 
spindle.     This  takes  the  place  of  the  usual  tang 


on  the  end  of  shanks.  In  this  case  the  ends  of 
the  shanks  are  tapped  4  in.  to  fit  the  bolt  shown 
at  E,  and  by  which  they  are  firmly  secured. 
The  bolt  is  provided  with  a  shoulder  near  its 
head  so  that  it  can  be  used  for  backing  a  shank 
out  as  well  as  for  drawing  it  in.  The  end  of 
the  spindle  is  threaded  on  the  outside  the  same 
as  the  end  of  the  horizontal  spindle  of  the 
machine,  and  both  spindles  have  the  same  size 
taper  hole,  so  that  all  tools  are  interchangeable 
between  the  two  spindles.  With  this  attachment 
the  horizontal  spindle  miller  is  readily  con- 
verted into  a  vertical  spindle  machine,  capable 
of  doing  heavy  work,  thus  embodying  in 
one  machine  the  advantages  of  both.  It 
will  work  a  6-in.  diameter  face  mill  in  cast 
iron. 
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A  SURVEY  of  recent  works  in  the  British 
-^  dockyards  does  not  reveal  any  great 
acceleration  of  pace  in  construction.  The 
Suffolk  is  still  slowly  making  headway  at  Ports- 
mouth, where  the  Kent  was  greatly  delayed,  and 
within  two  years  and  a-half  only  two  armoured 
cruisers  have  been  laid  down.  There  appears 
to  have  been  a  great  deal  of  wasted  labour, 
and  it  would  seem  that  a  sounder  system  was 
required.  A  better  state  of  things  may  follow  the 
appointment  of  the  new  Admiral  Superintendent, 
and  the  building  slips  should  soon  be  provided 
with  other  work.  The  Queen  and  King 
Edward  VIL  are  going  on  steadily,  but  in  a 
rather  leisurely  fashion  at  Devonport.  Much 
progress  has  been  made  at  Chatham,  and  it  is 
hoped  that,  with  the  completion  of  the  new 
jetty  at  Pembroke,  work  will  be  conducted  more 
rapidly  and  economically  at  the  latter  port. 
There  appears  to  be  no  doubt  that  the  new  light 
thrown  upon  the  value  of  the  "Johnson  cap** 
is  leading  to  some  revision  of  plans,  and  that 
construction  may  be  somewhat  retarded  in 
consequence. 

The  past  month  has  been  a  quiet  one.  The 
battleship  Venerable  has  been  under  trial,  and  is 
to  be  commissioned  for  the  Mediterranean  this 
month.  The  Montagu  has  also  been  under- 
going steam  trials,  and  in  the  four-fifths  power 
trial  attained  a  speed  of  17*8  knots  as  the  mean 
of  four  hours,  with  coal  consumption  of  178  lbs. 
per  i.h.p.  per  hour.  She  was  in  an  advanced 
state,  and  the  guns  for  the  secondary  batteries 
had  been  taken  in  from  the  Naval  Ordnance 


Depot.  The  armour  belt  of  Krupp  steel  in  the 
class  extends  for  290  ft.  of  the  length,  with  a 
thickness  varying  from  3  in.  at  the  bow  to  7  in. 
amidships.  The  barbettes  are  protected  by 
I  i-in.  plates,  while  the  casemates  are  of  6-in. 
armour.  The  thickest  armour,  12  in.,  is  that 
which  protects  the  conning  tower.  Reference 
was  made  in  the  August  number  to  those  ships 
of  this  class  which  had  already  completed  their 
trials.  The  Montagu  has  been  promised  by  the 
officials  at  Devonport  Dockyard  approximately 
for  March  of  next  year.  She  is  to  pass  through 
a  special  series  of  trials  additional  to  the  ordi- 
nary steam  trials,  to  test  her  steering  capabilities 
under  various  conditions  of  helm  at  particular 
speeds,  including  engine-reversing  experiments. 

The  battleship  Queen  will  be  completed  in 
March,  1904,  and  the  King  Edward  VII,  a  year 
later.  The  latter  vessel,  it  is  estimated,  will 
have  cost  ;f  1,500,000  by  the  time  she  is  com- 
pleted. 

Of  the  armoured  cruisers,  the  Hogue  is  now 
completed,  and  will  be  a  valuable  addition  to 
the  Mediterranean  Fleet.  The  Bedford  failed 
to  realise  the  estimated  speed  on  her  steam 
trials,  and  will  be  fitted  with  propellers  having 
a  larger  blade  area,  a  change  calculated  to 
increase  the  speed  by  at  least  half  a  knot.  It 
is  currently  reported  that  other  ships  of  the 
same  class  which  are  under  construction  have 
had  a  similar  change  made. 

The  armoured  cruiser  King  Alfred^  built, 
engined,  and  armed  by  Messrs.  Vickers,  Sons 
and  Maxim,  Ltd.,  has  concluded  her  thirty  and 
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Photo  by  Wm.  V,  Kirk  and  Sons,  Cowes,  I.  U'. 


THE   ROYAL  YACHT  "VICTORIA  AND  ALBERT." 


Phola  by  ll'm.  V.  Kirk  and  Sotts,  Cowcs,  1.  li'. 

THE  GERMAN  EMPEROR'S  YACHT  "  HOHENZOLLERN." 
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eight  hours'  steam  trials.  Her  mean  draught  is 
26  ft.,  but  on  her  trials  she  was  below  her 
stipulated  load.  The  revolutions  on  the  one- 
fifth  power  trial  were  70  starboard  and  705 
port,  with  a  vacuum  of  272  starboard  and  264 
port.  The  collective  i.h.p.  was  6,395,  and  the 
coal  consumption  176  lbs.  per  unit  of  power 
per  hour.  The  speed  realised  was  15*167  knots. 
On  the  four-fifths  power  trial  the  revolutions 
were  io6'6  starboard  and  106  8  port,  with  a 
starboard  vacuum  of  264  and  a  port  of  26  in. 
The  i.h.p.  was  11,316  starboard  and  11,289  port, 
giving  a  collective  of  22,605.  The  coal  con- 
sumption was  1*82  lbs.  per  unit  of  power  per 
hour,  and  the  speed  realised  was  21*597  knots. 
On  her  full  power  trials  the  King  Alfred  proved 
herself  the  fastest  ship  in  the  British  Navy, 
excluding,  of  course,  torpedo  craft.  Her  mean 
speed  on  several  runs  over  the  Cheshil  Beach 
course  was  23*465  knots,  as  compared  with  the 
2323  knots  of  the  Leviathan^  her  sister  ship. 
The  coal  consumption  was  also  remarkable,  for, 
having  established  the  fact  that  she  could  steam 
from  Portsmouth  to  Melbourne  at  15  knots 
without  recoaling,  the  Ar/Wjfi4 //r^^'s  consumption 
on  her  full  power  trial  worked  out  at  i*8i  lbs, 
per  unit  of  power  per  hour,  or  0*13  lbs.  less 
than  that  of  the  Leviathan,  The  starboard 
engine  running  at  118  revolutions  developed 
15,170  h.p.  with  a  vacuum  of  266  in.,  and  the 
port  engine  with  119  6  revolutions  and  15,723 
h.p.  had  a  vacuum  of  25*5  in.  The  water  ex- 
pended during  the  trial  was  only  39  tons. 

There  have  been  doubts  as  to  the  stability 
of  the  Essex  class.  Successive  orders  have 
been  received  at  Pembroke  to  reduce  the  top 
weights,  and  the  funnels  have  been  cut  down. 
Another  vessel  of  the  improved  "  County  "  class 
is  expected  to  be  put  in  hand  at  the  same  yard,' 
but  it  is  believed  that  new  views  in  regard  to 
the  defensive  power  of  armour,  due  to  the 
recent  trials  of  the  "  Johnson  "  cap,  have  caused 
the  plans  to  be  delayed.  The  Devonshire,  of  this 
class,  was  laid  down  at  Chatham  on  March  25th, 
and  now  two  others  have  been  ordered — the 
Hampshire^  of  Messrs.  Armstrong,  Whitworth 
and  Co.,  at  Elswick,  and  the  Roxburgh,  of  the 
London  and  Glasgow  Company.  The  Antrim, 
A  f gyle,  and  Carnarvon  will  complete  the  six 
vessels  of  the  class  to  be  laid  down  according  to 


the  programme  of  1901-2.  Two  others  are  pro- 
jected for  1902-3. 

The  Niger,  torpedo-gunboat,  has  made  satis- 
factorily progressive  trials  preparatory  to 
acceptance  of  her  new  Reed  water-tube  boilers 
from  the  Palmer  Shipbuilding  Company.  On 
the  three  hours'  trial,  with  6,282  i.h.p.,  the 
speed  was  20*5  knots.  On  the  five  mile  trial  the 
highest  mean  speed  with  and  against  tide  was 
207  knots.  The  whole  of  the  speed  trials  were 
perfectly  satisfactory,  and  were  followed  by 
successful  circle-turning  trials. 

Several  destroyers  have  been  ordered : 
Eden  (Parsons'  Turbine  Company),  Derwent 
(Messrs.  Hawthorn,  Leslie  and  Co.),  Ettrick,  Exe, 
Foyle,  and  Itchen  (Messrs.  Palmer  and  Co.), 
Ribhle,  Teviot,  and  Usk  (Messrs.  Yarrow). 

PRANOK. 

The  battleship  Republique  has  been  launched 
at  Brest,  and  is  a  sister  of  the  Patrie,  which  is 
in  hand  at  La  Seyne.  She  is  the  largest  vessel 
ever  built  in  a  French  yard,  and  is  the  first  to 
take  the  water  of  the  five  battleships  included 
in  the  programme  of  M.  de  Lanessan,  late 
Minister  of  Marine,  the  progress  of  which, 
however,  appears  to  be  greatly  jeopardised 
owing  to  the  new  policy  which  his  successor 
is  endeavouring  to  inaugurate.  The  displace- 
ment of  the  Republique  is  14,865  tons,  and  she 
is  434  ft.  10  in.  long,  with  79  ft.  7  in.  beam.  The 
protection  is  assured  by  a  water-line  belt  of 
Harvey  steel,  having  a  maximum  thickness  of 
nearly  12  in.,  while  the  bows  of  the  ship  are  to 
be  completely  enveloped  by  3-in.  steel.  The 
armoured  deck  is  2  in.  thick  on  the  flat  and 
nearly  3  in.  on  the  slopes,  which  reach  down 
below  the  water  level.  There  is  also  a  splinter- 
proof  deck  of  thin  steel  placed  horizontally. 
The  armament  will  comprise  four  12-in.  guns, 
coupled  in  turrets  plated  with  12  in.  of  steel, 
eighteen  6*4-in.,  of  which  twelve  will  be  in 
lateral  turrets  protected  by6^-in.  steel,  twenty- 
six  i*8-in.  guns,  two  smaller,  and  five  torpedo 
tubes.  The  speed  is  intended  to  be  18  knots 
without  forced  draught,  and  the  range  will  be 
4,000  miles  at  10  knots,  with  normal  coal  supply. 
The  ship  has  been  designed  by  M.  Bertin,  who 
proposed  to  give  the  maximum  of  protection 
possible,  and  to  place  below  the  armoured  deck 
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and  behind  the  side  armour  all  the  vital  parts 
of  the  vessel.  The  turret  system  for  the 
secondary  guns,  long  since  adopted  by  the 
French,  and  carried  out  to  a  large  extent  in  the 
new  vessels,  has  now  been  introduced  in  British 
ships  of  the  King  Edward  VII.  class. 

In  a  recent  return  published  by  the  British 
Admiralty  of  the  navies  of  the  seven  great  naval 
Powers,  some  interesting  facts  were  given  con- 
cerning  the   French   Navy.       Our   neighbours 
have  followed  our  example  in  putting  old  vessels 
on  the  effective  list  with  the  new,  but  with  a 
difference.    Whereas  on  the  Admiralty  books 
vessels  armed    with    muzzle-loaders    are    still 
looked  upon  as  effective  for  coast  defence,  not 
one  French  vessel  has  a  muzzle-loader  on  board. 
Built  and  building,  France  has  35  battleships, 
or  half  as  many  as    Great   Britain,    and  she 
possesses  45  cruisers  already  built,  and  has  17 
building,  as  compared  with  our  130  completed 
and  30  or  more  building.     There  are  also  279 
torpedo  boats,  31  destroyers,  and  15  gunboats 
built  and  building  on  the  French  list,  as  com- 
pared   with,  100,    113,  and  35   of  each   class 
respectively  for  England. 

The  armoured  cruiser  Joules  Ferry  (12,416 
tons)  is  expected  to  be  launched  at  Cherbourg 
about  March,  1903.  Her  contract  i.h.p.  is 
27»Soo,  expected  to  give  her  a  speed  of  22  knots. 
Her  engines,  which  are  being  made  at  Indret, 
will  consist  of  three  sets  of  triple-expansions, 
with  water-tube  boilers.  The  Desaix,  which 
has  been  built  by  contract  at  St.  Nazaire,  will 
complete  her  trials  at  Cherbourg  instead  of  at 
Brest,  owing  to  the  immense  pressure  of  work 
at  the  latter  port. 

The  battleship  Suffren  has  just  satisfactorily 
accomplished  her  full  power  trials.  There  is  in 
her  an  absence  of  heavy  superstructures  which 
have  been  so  marked  in  some  of  her  prede- 
cessors, and  she  shows  many  signs  of  a  tendency 
on  the  part  of  her  designer  to  base  his  plans 
on  the  lines  of  Sir  William  White's  vessels. 
She  has  two  main  and  six  secondary  turrets. 
She  carries  sufficient  coal  for  7,000  miles  at 
10  knots,  and  the  speed  is  18  knots.  She  is 
fitted  with  Niclausse  boilers. 

The  armoured  cruiser  Marseillaise  is  rapidly 
approaching  completion  at  Brest.  She  was 
only  launched  two  years  ago,  so  that  work  on 
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her  has  been  fairly  rapid.  She  has  all  her  guns 
on  board,  namely,  two  7*6-in.  breech  loaders 
mounted  singly  in  turrets,  and  eight  6*4-in. 
quick-firers,  two  of  which  are  mounted  in  case- 
mates with  recessed  ports  on  the  lower  deck 
aft,  two  on  the  main  deck  forward,  and  four  on 
the  upper  deck,  in  separate  turrets.  Besides 
these  she  has  34  smaller  quick-firers  and  five 
torpedo  tubes,  two  submerged  and  three  un- 
armoured  above  water.  She  has  received  her 
final  painting  externally,  and  is  of  a  dull  black 
along  the  water  line  and  grey  for  the  upper 
works. 

QKIIMANY. 

It  is  announced  that  the  battleship  y,  which 
Schichau    has   in   hand   at   Danzig,  being  the 
first  of  the  new  type  displacing  13,200  tons,  will 
probably  be  launched  before  the  close  of  the 
year,   most  likely   in   December.      The  sister 
ship,    Hy   is    expected    to   take    the  water    at 
Krupp's  Germania  Yard,  Kiel,  next  February. 
The  chief  advantage  in  these  new  ships  is  that 
their  principal  armament  will  consist  of  four 
ii-in.     guns,    which     are    somewhat     loosely 
described    as    "quick-firers.''      They  are    the 
heaviest  armament,  as  compared  with    12-in. 
guns  in  other  navies,  and  it  is  claimed  for  them 
that  they  will  fire  from  one  to  two  rounds  per 
minute,  whereas  the  like  guns  in  the  Branden- 
burg class  can  only  fire  one  round  in  two  and 
a-half  minutes.     In  relation  to  this  claim,  it  is 
worth  while  to  note   that    during  the  recent 
prize  firing  of  the  Implacable  in  the  Mediter- 
ranean,   in    two    runs,   each   of    six    minutes' 
duration,  thirteen  rounds  were  fired  from  the 
12-in.    guns,   and    that    the    huge    projectiles 
reached  the  target  eleven  times.    This  aimed 
firing   is  a  very  different  matter  from  a  mere 
record  of  rapidity  in  a  number  of  rounds. 

The  German  Government  is  adhering  con- 
sistently to  the  programme  laid  down  in  1900. 
By  that  programme  38  battleships  were  to  be 
built  by  the  year  1916,  and  31  of  these  are  now 
ready  or  in  hand,  and  it  is  confidently  expected 
that  next  year's  Budget  will  include  instalments 
for  six  others.  The  twelfth  of  the  14  large 
cruisers  planned  has  been  laid  down  this  year, 
and  the  first  instalments  for  the  other  two  will 
be  asked  for  in  1903.  Progress  has  not  been  so 
rapid  with  the  38  small  cruisers,  five  only  of  which 
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are  now  in  hand  or  ready ;  but  six  more  are  to 
be  laid  down  next  year. 

The  coast  defence  armourclads  of  the  Siegfried 
class  are  being  improved  successively  by  being 
cut  in  two  and  lengthened  to  increase  coal 
capacity  and  ammunition  stores,  and  the 
Admiralty  propose  to  devote  ;^75o,ooo  for  this 
purpose.  Of  this  sum  ;^525,ooo  has  already 
been  voted,  and  the  remainder  will  be  in  next 
year's  Budget.  The  name-ship  of  the  class  dates 
from  1889,  and  the  most  recent  was  completed 
in  1895.  The  Aegir  has  a  complete  electric 
installation  for  her  guns  and  ammunition,  and 
of  the  others  the  Hagen  has  already  been 
lengthened  by  25  ft.  The  four  battleships 
of  the  Brandenburg  class  are  also  to  undergo 
changes,  £62^500  having  already  been  granted, 
and  the  balance  of  ;^87,5oo  will  be  asked  for 
next  year. 

Torpedo  boat  No.  108,  of  350  tons  dis- 
placement, has  completed  her  steam  trials  at 
Kiel,  and  has  attained  a  speed  of  296  knots. 
The  engines  gave  every  satisfaction,  and  there 
was  little  or  no  vibration.  A  division  of  six 
destroyers  is  to  be  constructed  by  Schichau 
at  Klbing.  They  will  displace  350  tons,  be 
provided  with  engines  of  6,000  h.p.,  and  are 
to  steam  at  28  knots.  Theyiwill  be  numbered 
from  Si  14  to  Si  19. 

RUSSIA. 

The  Baltic  Yard  at  St.  Petersburg  is  engaged 
on  a  new  fast  cruiser,  apparently  for  use  as  a 
**  scout  despatch-boat"  for  the  Pacific  Squadron. 
It  is  believed  that  the  Governor  of  Kwang-Tung 
may  use  this  vessel  for  his  sea  voyages.  Similar 
vessels  will  be  built  for  the  other  Russian 
Squadrons  as  soon  as  this  one  is  completed, 
which  will  be  before  1904.  She  will  be  of 
3,000  tons  displacement,  and  her  engines  of 
18,000  h.p.  are  to  be  able  to  develop  25  knots 
speed.  She  will  be  lightly  armed  with  quick- 
firing  guns  and  torpedo  tubes. 

The  protected  cruiser  Askold  has  been  under- 
going a  series  of  progressive  trials,  which  have 
given  the  following  results :  with  55  revolutions 
the  speed  was  1087  knots ;  with  70  revolutions, 
13-70  knots  ;  with  85,  16*35  knots  ;  with  100, 
i8'85  knots;  and  with  115  revolutions  she 
attained  20*11  knots. 


The  Bogatyry  building  at  Stettin,  has  also 
undergone  steam  trials,  attaining  a  maximum 
speed  of  2345  knots  with  20,000  h.p.  The 
Askoldj  laid  down  in  1899,  has  a  length  of 
426  ft.  6  in.  and  a  displacement  of  6,500  tons. 
Her  trial  speed  is  half  a  knot  better  than  was 
estimated.  The  protection  is  slight,  the  thickest 
armour,  4  in.,  being  that  round  the  casemates, 
in  which  6-in.  guns  are  mounted.  There  are 
twelve  of  these  guns  altogether,  eight  behind 
shields  and  four  in  casemates,  besides  twenty- 
two  small  guns  and  two  submerged  torpedo 
tubes.  The  Bogaiyr  is  very  similar,  her  dis- 
placement being  about  100  tons  less.  Her  speed 
also  shows  nearly  half  a  knot  improvement,  but 
the  arrangement  of  the  armament  is  somewhat 
different.  Her  6-in.  guns  are  twelve  in  number, 
and  four  are  mounted  in  pairs  in  turrets  forward 
and  abaft,  four  in  casemates,  and  four  in  shields 
on  the  upper  deck.  She  has  twenty- four  smaller 
guns  and  four  torpedo  tubes,  two  submerged  on 
the  broadside. 

The  Nevski  Yard  at  St.  Petersburg  is  about 
to  put  in  hand  two  protected  cruisers  of  6,000 
tons    and    23    knots,  and  many  torpedo-boat 
destroyers  will  also  bs  shortly  added  to  those 
already  in  hand   there.    They  are    improved 
Sokols^  and  it  is   said  will  displace   420   tons. 
The  Boiki  and  the  Bravi  (350  tons)  have  lately 
attained  a  speed  of  alittle  over  26  knots.  At  the 
same  yard  the  Revy^  Retiiy,  Ryany^  Prosorlivy, 
and  Bezuprechni  have  been  launched.     Several 
destroyers    have    also    been   put    in   hand    at 
Nikolaieff.     Experiments  have  been  made  with 
the  submarine  boat  of  Lieutenant  Kolbasieff  at 
St.  Petersburg,  and  later  Sebastopol.  No  details 
have   been  permitted   to    leak  out    as    to  the 
results.      It  is  confidently  stated  that  several 
submarines    have  been    put   in   hand    in    the 
Black  Sea  during  the  last  two  years,  but  extreme 
secrecy  is  maintained  in  regard  to  them,  and  no 
details  are  known. 

Work  on  various  new  vessels  at  Sebastopol 
and  Nikolaieff  is  being  pushed  on  with  what 
is  described  as  a  feverish  haste.  They  include 
a  battleship  and  a  6,000-ton  cruiser. 

Lieutenant  Zhandr  has  discovered  a  new 
composition  for  painting  the  underwater 
portions  of  vessels,  which  has  been  tried  on 
the  ships  of  the  Black  Sea  Squadron,  on  the 
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recommendation  of  Admiral  Tyrtoff,  Minister 
of  Marine,  who  is  stated  to  have  found  great 
advantages  in  the  use  of  the  composition. 
Hitherto  anti-fouling  material  has  been  mostly 
purchased  in  this  country. 

UNITKD  8TATE8. 

The  battleship  Maine  has  undergone  trials 
with  satisfactory  results,  obtaining  a  maximum 
speed  of  i8'95  knots.  She  drew  23  ft.  6  in.  and 
displaced  12,350  tons  during  the  runs.  The 
average  number  of  revolutions  per  minute  was 
125.  The  boilers,  of  which  there  are  24,  are  of 
the  Niclausse  type.  The  complete  armour  belt 
is  of  Krupp  steel,  7  ft.  6  in.  wide,  11  in.  thick 
above  water  between  the  turrets,  and  7^  in. 
thick  under  water,  tapering  to  4  in.  at  the  ends. 
The  bulkheads  are  of  lo-in.  and  the  turrets 
i2-in.  armour,  while  over  the  battery  there  is  a 
thinner  belt.  The  protected  deck  has  a  maxi- 
mum thickness  of  4  in.  The  total  weight  of 
the  armour  is  2,453  tons.  The  armament  con- 
sists of  four  i2-in.  breech-loaders  mounted  in 
pairs  in  the  turrets,  six':een  6-in.  quick-firing, 
two  of  them  in  casemates  under  the  forecastle 
and  the  others  in  the  maindeck  battery,  and 
twenty-four  smaller  guns,  with  two  submerged 
torpedo  tubes,  one  on  each  bow. 

The  Navy  Department  have  invited  tenders 
for  an  additional  battleship,  authorised  by  the 
Naval  Appropriation  Bill,  and  a  sister  vessel  will 
be  built  in  the  New  York  Navy  Yard.  The 
contract  vessel  is  to  be  completed  within  forty- 
two  months.  The  length  at  the  water  line  will 
be  450  ft.  and  the  beam  76  ft.  10  in.  The  dis- 
placement on  trial  is  not  to  exceed  16,000  tons. 
The  armament  will  consist  of  four  12-in.  breech 
loaders,  mounted  in  pairs  in  two  electrically 
controlled  turrets,  one  forward  and  one  aft, 
each  with  a  firing  arc  of  270  deg.  ;  eight  8-in. 
breech  loaders,  mounted  in  pairs  in  similar 
turrets  at  the  corners  of  the  citadel ;  twelve 
7-in.  breech  loaders  on  the  broadside,  on 
pedestals  behind  7-in.  armour  ;  the  fore  and  aft 
guns  to  fire  right  ahead  or  right  astern,  the 
others  to  have  the  usual  broadside  train.  Fifty 
smaller  guns  are  to  be  mounted  in  commanding 
positions,  having  a  large  arc  of  unobstructed 
fire.  The  principal  turrets  are  to  have  12-in. 
plates  in  front  and  8-in.  in  the  rear,  and  the 
secondary  or  8-in.  gun  turrets  will  have  6-in. 


armour.  The  total  weight  of  the  armament  will 
be  945  tons,  and  591  tons  of  ammunition  will  be 
carried.  The  protection  of  the  hull  will  be 
provided  by  a  complete  belt  9  ft.  3  in.  wide,  and 
with  a  maximum  thickness  of  1 1  in.  for  about 
200  ft.  amidships,  beyond  which  the  thickness 
will  be  9  in.  over  the  magazine  spaces,  and  will 
decrease  to  4  in.  at  the  stem  and  the  stern. 
The  lower  casemate  armour  will  extend  in 
length  to  protect  all  the  magazines  and  vital 
parts,  and  will  rise  to  the  lower  edge  of  the  7-in. 
casemates,  being  6  in.  thick,  with  6-in.  ath wart- 
ship  bulkheads  at  the  ends.  There  will  also 
be  an  upper  range  of  casemate  armour  7  in. 
thick  athwartships,  extending  from  the  shell 
plating  to  the  12  in.  barbettes.  In  regard  to 
the  speed,  it  may  be  remarked  that  the  contract 
is  18  knots,  with  17^  knots  as  an  absolute 
minimum,  and  the  builder  will  be  subject  to  a 
penalty  of  50,000  dols.  for  the  first  J  knot 
deficiency,  and  twice  as  much  for  the  second. 
There  will  be  twelve  Babcock  and  Wilcox 
boilers,  with  46,750  square  feet  heating  surface. 
The  bunker  capacity  will  be  about  2,200 
tons,  but  only  900  tons  will  be  carried  on 
trial.  It  is  particularly  deserving  of  note 
that  in  these  two  battleships  the  system 
of  superposed  gun  turrets,  adopted  in  the 
Kearsarge  and  Kentucky,  abandoned  in  the 
Maine  class,  and  resumed  again  in  the  Neiv 
Jersey  class,  has  once  more  been  abandoned. 
It  is  also  particularly  noteworthy  that  the 
Americans  are  introducing  eight  8-in.  turret 
guns  as  a  secondary  armament,  compared  with 
four  9'2-in.  in  our  latest  class,  and  twelve  7-in. 
guns  as  compared  with  our  ten  6-in.  guns  for 
the  battery.  The  result  is  that  the  American 
secondary  turret  and  battery  guns  will  throw  a 
weight  of  metal  of  3,980  lbs.,  while  our  9'2-in. 
and  6-in.  guns  will  give  only  2,520  lbs. 

A  board  of  officers  presided  over  by  Lieut- 
Commander  John  R  Edwards  is  conducting  a 
series  of  liquid  fuel  tests,  in  relation  to  which 
Rear-Admiral  Melville  says  that  oil  can  be  used 
as  fuel  with  facility,  but  that  it  cannot  be 
employed  economically  in  the  United  States 
Navy.  He  does  not  believe  that  there  is  any 
prospect  of  liquid  fuel  replacing  coal  except 
perhaps  in  small  craft.  The  experiments  are 
being  continued. 
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NEW    BRIDGE    OVER    THE    RIVER    AIRE,    NEAR    FERRYBRIDGE. 

This  bridge,   constructed   by   the   Cleveland   Bridge    and    Engineering    Company,  Ltd.,   Darlington,  will 

replace  the  existing  tubular  bridge.     It  has  a  250  it.  span,  and  the  girders   are  50  ft.  high.     The  tratihc  in 

the  river  necessitated  a  water  way  with  a  clear  opening  of  60  ft.  on  the  square.     This,  allowing  for  the 

towing  path,  involved  temporary  girders  50  ft.  long. 
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HYDRAULIC    PRESS    FOR   STRAIGHTENING   "H       GIRDERS,    BENT    AND    TWISTED    OUT   OF   SHAPE 

IN  COAL     MINES. 

Mr.  George  Addy,  M.I.Mech.E.,  of  Sheffield,  has  recently  demonstrated  that,  with  his  new  hydraulic  press, 
illustrated  above,  twenty-one  bent  jEjirders  can  be  straightened  (cold)  in  i^  hours.  Formerly,  it  was 
considered  a  good  day's  work  to  straighten  twenty  girders,  necessitating  an  expenditure  of  24  tons  of  coal, 
and  the  services  of  four  men.     With  this  press  three  men  only  are  required.     It  weighs  about  6  tons. 

the  diameter  of  ram  being  18  in. 


NEW    ELECTRIC    LOCOMOTIVE. 


A  new  FIcclric  Storage  Hattery  Locomotive,  supplied  by  the  C.  W.  Hunt  Company,  of  Staten  Island,  New 
V...  L  f.,r  the  "industrial"  railway  installed  at  the  Works  of  the  Westinghouse  Electric  and  Manufacturing 
^""*'  ""  "^*'  Company,  at  East  Pittsburg,  Pa.,  U.S.A. 
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30-TOX    HOPPER   WAGGON. 

A  30-ton  pressed  steel  coal  hopper  waggon,  recently  built  for  the  Rand  Mines,  Ltd.,  South  Africa,  by  the 
Transportation    Development  Company,  6,  Clement's    Lane,  Lombard    Street,  EX.      Gauge,  3  ft.  6  in. 

Weight  empty,  28,100  lbs. 


Messrs.  R*  "Waygood  and  Co*t  Ltd.^  and  the 
Otis  Elevator  Company^  Ltd* 

An  important  analgamation,  consolidating  the  interests 
of  these  two  companies,  has  been  effected.  Mr.  H.  C. 
Walker,  chairman  and  managing  director  of  Messrs.  R. 
Waygood  and  Co.,  will  be  chairman,  and  together  with 
Mr.  R.  Percy  Sellon,  M.LE.E.,  managing  director  of  the 
Otis  Elevator  Company,  Ltd.,  will  act  as  joint  managing 
director  of  •'  Waygood  and  Otis,  Ltd." 

The  consideration  which  appears  to  have  determined 
the  directors  and  shareholders  of  both  companies  in 
favour  of  uniting  the  two  businesses  is  that  each  party 
is  able  to  supplement  the  other  in  important  respects,  the 
Waygood  Company  possessing  exxellent  manufacturing 
facilities,  while  the  Otis  Company  controls  for  the 
British  Empire  and  Europe,  the  patents,  designs,  and 
wide  experience  of  the  Otis  Elevator  Company  of  U.S.A. 
The  British  and  American  Otis  Companies  are  quite  dis- 
tinct organisations,  possessing  only  the  name  in  common  ; 
but  the  British  company  is  not  only  the  proprietor  of  the 
American  company's  patents  in  its  territories,  but  has  the 
immense  resources  of  the  latter  at  its  back. 

Chain-Grate  Stokers* 

Messrs.  Babcock  and  Wilco.x,  Ltd.,  have  just  secured 
from   the  Underground  Electric  Railways  Company  (of 


London),  Ltd.,  at  Lots  Road,  Chelsea,  an  order  for  128 
chain-grate  stokers,  which  are  to  be  used  in  connection 
with  si.xty-four  of  their  boilers,  recently  sold  to  this  com- 
pany. This  is  the  largest  order  for  chain-grate  stokers 
that  has  ever  been  booked  at  a  time. 

Ore  Transport  "Waggons* 

An  order  for  500  special  12-ton  waggons,  with  steel 
underframes,  has  been  given  to  Messrs.  W.  R.  Renshaw 
and  Co.,  Ltd., -by  the  North  British  Railivay  Company. 
These  waggons  are  to  be  used  for  carrying  iron  ore 
from  the  docks  to  the  various  iron  works,  and  to  convey 
coal  back  to  the  docks. 

Korting  Gas  Engine* 

Messrs.  Eraser  and  Chalmers  announce  that  they  have 
secured  the  manufacturing  rights  from  Messrs.  Korting 
Bros.,  of  Hanover,  for  the  Korting  Gas  Engine,  for  use  in 
plants  connected  with  the  steel  industry,  and  that  they 
are  now  prepared  to  build  these  engines  in  sizes  up  to 
units  of  2,000  h.  p. 

They  have  also  secured  the  manufacturing  rights  for 
the  Stumpf-Riedler  system  of  blowing  engines  to  work 
in  connection  wiih  these  gas  engines.  One  installation 
of  a  500  h.p.  Korting  gas  engine  is  now  in  operation  at 
Duisberg,  at  the  works  of  the  Nieder  Rheinische  Hiitte, 
and  another  of  1,000  h.p.  at  Donnersmark  Hiitte  Works, 
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LIQUID   FUEL   FOR   XUT-FOKGING. 

In  the  works  of  Messrs.    Richard  Davis   and  Sons,  Manchester,  liquid  fuel  has  lately  been  successfully 

employed  for  heating  bars  for  bolt  and  nut  forging.    A  greater  radiation  than  that  obtainable  from  coal  or 

coke  h?s  been  thereby  secured,  in  addition  to  a  marked  saving  in  cost.     The  bars  are  afterwards  placed  in 

the  forging  machine,  a  nut  being  made  at  every  revolution. 


in  Germany.  These  are  operating  with  blast  furnnce 
gases.  A  large  order  of  twelve  2,000  h.p.  Korting 
engines  has  been  recently  placed  by  the  Delaware- 
Lackawanna  Steel  and  Iron  Co.,  of  Buffalo,  U.S.A. 

It  is  interesting  to  note  in  this  connection  that  the 
exhibition  of  the  Korting  system  gas  engine,  with  Stumpf- 
Riedler  blowers,  is  one  of  the  chief  features  of  the 
Exhibition  now  being  held  at  Diisseldorf. 

Gas  Producers^  etc. 

Messrs.  W.  F.  Mason,  Ltd.,  of  Manchester,  have  been 
successful  in  obtaining  the  whole  of  the  contract  of  the 
Bengal  Iron  and  Steel  Company,  Ltd.,  for  gas  producers, 
connecting  tubes,  and  coal  staging  for  the  new  steel 
works  plant. 

Carborundum* 

A  test  of  the  various  makes  of  grinding  wheels  for 
abrasive  purposes  was  recently  made  at  the  Technical 


High  School  of  Dresden.  The  tests  were  conducted 
under  the  supervision  of  Professor  Grubler,  of  the 
Technical  High  School,  and  were  intended  to  demon- 
strate the  operative  strength  of  different  makes  oi  wheels 
Three  carborundum  wheels  were  furnished  for  this 
test,  and  these  wheels  broke  the  record  as  to  speed,  as 
they  were  run  at  4,340  revolutions  per  minute.  These 
wheels  were  made  by  the  vitrified  process,  and  they 
made  a  better  record  than  any  vulcanised  wheels  tested. 
Wheels  made  by  the  best  manufacturers  of  emery  wheels 
broke  at  speeds  of  2,720,  2,700,  and  2,620  revolutions  per 
minute. 


Refuse  Destructors* 

The  judges  of  the  Sanitary  Institute  have,  at  the 
Exhibition  in  Manchester,  awarded  the  Horsfall 
Destructor  Company,  Ltd.,  the  Institute's  silver  medal  (the 
only  award)  for  their  improvements  in  refuse  destructors. 
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There  is  probably  no  more  important  factor  in  the  efticiency  of  our  first  line  of  defence  than  the 
boilers  of  our  vessels  of  war.  Boilers  are  to  the  steamship  what  lungs  and  heart  are  to  the  human 
being.  Upon  their  soundness  depends  not  only  the  mobility  but  the  actual  existence  of  the  steam 
vessel,  and  it  is  therefore  not  at  all  to  be  wondered  at  that  the  subject  of  naval  boilers  has  occupied 
during  the  past  two  or  three  years  a  position  of  the  first  importance,  not  only  in  the  many 
discussions  which  have  taken  place  in  Parliament  during  the  debates  on  Navy  Estimates,  but  also 
in  the  columns  of  the  press.  The  following  articles— one  by  an  eminent  naval  engineer,  the  other 
by  a  prominent  maker  of  cylindrical  boilers— consider  the  question  "  Water-Tube  v.  Cylindrical 
Boilers"  from  diametrically  opposite  points  of  view. 


WATER-TUBE  BOILERS,  FROM  A  NAVAL  POINT  OF  VIEW. 


WATKR-TUBK  VKR8U8  CYLINDRICAL   BOILKR8. 

'npHE  advantages  of  water-tube  boilers  for  war- 
-■-  ship  service  have  met  with  such  general 
recognition  that  in  one  form  or  another  they  have 
been  introduced  into  all  the  navies  of  the  world. 
There  are,  of  course,  certain  points  in  which 
they  may  be  inferior  to  the  older  types  of 
cylindrical  boilers  which  they  are  now  re- 
placing, but  it  is  the   deliberate  conviction  of 


the  greater  majority  of  people  who  are  com- 
petent to  give  an  opinion  on  this  all-important 
matter,  that  water-tube  boilers  have  come  to 
stay,  and  that  cylindrical  boilers  will  in  future 
occupy  a  very  inferior  position  in  all  war  vessels. 
Indeed,  it  is  probable  that  in  course  of  time  they 
will  be  altogether  abandoned. 

On  making    a   careful  comparison  between 
water-tube  and  cylindrical  boilers,  we  find  that 


SCHULTZ    FORM   OF   THORXYCROFT   BOILER. 
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the  former  will  raise  steam  more  quickly 
and  maintain  it  more  evenly  and  at  much 
greater  pressure.  They  can  be  much  more  easily 
renewed  or  repaired,  without  having  to  lay  up 
the  ship  or  pull  up  her  decks  for  this  purpose. 
They  are  not  so  dangerous  in  action,  and  will 
not  suffer  so  seriously  from  small  projectiles. 
The  effect  on  the  ship's  company  will  not  be  so 
disastrous  in  the  event  of  an  explosion,  because 
they  contain  only  a  very  small  amount  of  water 
for  steam  generation.  They  are  very  much 
lighter  and  produce  more  horse- power  per  ton 
of  weight,  and  thus  enable  advantages  to  be 
secured  either  in  speed  of  vessel  or  in  the 
amount  of  armour,  armament,  or  coal  supply. 
They  can  be  "  forced  "  or  made  to  produce  a 
greater  quantity  of  steam  for  longer  periods, 
and  can  therefore  continue  steaming  at  higher 
powers,  and  in  this  connection  also  they  are 
assisted  by  a  larger  fire-grate  area,  which 
enables  them  to  maintain  steam  for  their  maxi- 
mum powers  with  greater  facility. 

DISTRIBUTION    OP    POWKR.    IN    WATRR-TUBE 
BOILERS. 

The  installation  of  a  water-tube  boiler  system 
in  a  war  vessel  is  always  accompanied  by  the 
very  decided  advantage  that  the  total  power  is 
distributed  amongst  a  much  larger  number  of 


boilers  than  is  the  case  with  the  older 
system.  Thus  a  modern  cruiser,  which  would 
be  fitted  with  twelve  boilers  of  the  cylindrical 
types,  would  spread  its  power  over  about 
thirty  water-tube  boilers,  and  hence  the  total  or 
temporary  disablement  of  one  of  the  latter 
would  have  scarcely  any  appreciable  effect 
upon  the  speed  of  the  vessel,  whereas  if  she 
were  to  lose  one-twelfth  of  her  steam  generating 
power  by  an  accident  to  one  of  her  cylindrical 
boilers,  there  would  be  a  very  considerable 
diminution  in  her  rate  of  progress. 

ALLEOED    DI8ADVANTAOES. 

The  alleged  disadvantages  of  the  water-tube 
boilers  are  :  That  they  are  less  economical  in 
coal  consumption  per  unit  of  power,  that  they 
require  more  careful  stoking,  that  the  cost  of 
their  upkeep  is  greater,  that  a  larger  mechanical 
sta£f  is  necessary  in  order  to  keep  them  in  repair 
on  account  of  the  necessary  multiplication  of 
their  fittings  and  mountings,  and  that  higher 
engineering  skill  and  attention  are  necessary  for 
their  management  and  maintenance  than  is  the 
case  with  cylindrical  boilers. 

THE  WATER-TUBE    BOILER  COMMITTEE. 

In  spite  of  these  alleged  disadvantages,  how- 
ever, there  is  no  doubt  that  for  war  vessels  the 
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balance  of  advantage  lies  considerably  with  the 
water-tube  boilers.  This  was  amply  confirmed 
by  the  investigations  of  the  Water-tube  Boiler 
Committee  appointed  by  the  First  Lord  of  the 
Admiralty  in  September,  1900.  After  a  few 
months'  labours  the  members  of  the  Committee 
were  asked  to  furnish  an  interim  report,  in 
order  to  satisfy  the  earnest  desire  of  the  House 
of  Commons  and  the  country  generally  for  bond- 
fide  information.  There  was  at  the  time  some 
doubt  as  to  the  wisdom  of  the  Government  in 
demanding  such  a  report,  but  as  many  new 
vessels  were  about  to  be  constructed,  it  was 
absolutely  necessary  to  come  to  a  decision  about 
the  class  of  boiler  with  which  they  were  to  be 
fitted.  In  the  interim  report,  which  was  for- 
warded to  the  Admiralty  on  February  19th. 
1901,  it  is  stated  that  *'the  advantages  of  water- 
tube  boilers  for  naval  purposes  are  so  great, 
chiefly  from  a  military  point  of  view,  that, 
providing  a  satisfactory  type  of  water-tube 
boiler  be  adopted,  it  would  be  more  suitable  for 
use  in  H.M.  Navy  than  the  cylindrical  type  of 
boiler.'^ 

IT8  INTKRIM    RKPORT    CONFIRMED. 

On  May  28th,  1902,  on  the  departure  of 
Admiral  Sir  Compton  Domvile,  who  had  been 
acting  as  the  president  of  the  Boiler  Committee, 
to  take  up  the  post  of  Commander-in-Chief  of 
the  Mediterranean,  another  report,  intended  to 
be  final  upon  most  of  the  points  which  had 
been  referred  for  the  consideration  of  the 
Committee,  was  issued.  In  this  later  report 
the  members  of  the  Committee  state  that 
further  experience  has  confirmed  them  in  the 
opinions  which  they  had  previously  expressed 
in  their  interim  report  of  February  19th,  1901 ; 
and  so  it  appears  to  be  settled  as  finally  as 
it  is  possible  to  determine  such  a  matter  that 
the  water-iube  boiler,  of  some  type  or  another, 
is  to  be  adopted  as  the  successor  of  the  cyHn- 
drical  type.  This  is  the  deliberate  decision 
arrived  at  by  a  Committee  of  practical  engineers 
of  considerable  eminence  in  their  profession. 
They  could  not  possibly  be  suspected  of  any  bias 
in  favour  of  the  water-tube  boiler,  and  in  this 
connection  it  is  as  well  to  remember  that  the 
Committee  owed  its  very  existence  to  persistence, 
and,  as  far  as  possible,  complete  discussion  in 
the  House  of  Commons.  The  opportunities  of 
the  VV^itcr-tube  Boiler  Committee  for  obtaining 


evidence,  making  practical  investigations,  and 
arriving  at  a  sound  decision  have  been  unique. 
The  few  members  of  Parliament  who  pressed 
their  demand,  in  season  and  out  of  season,  for 
an  independent  inquiry  into  the  system  of 
boilering  our  warships,  are  to  be  congratulated 
upon  their  perseverance  and  patriotism,  no  less 
than  upon  the  success  which  has  attended 
their  endeavours. 

A  BOLD  DKPARTURK. 

The  introduction  of  the  water-tube  boiler  on 
the  large  scale  adopted  in  the  two  huge 
cruisers  Powerful  and  Terrible  in  the  year  1895 
was  the  boldest  departure  in  naval  engineering 
practice  on  record.  It  was,  as  might  have  been 
expected,  attended  with  much  solicitude,  and 
perhaps  at  times,  much  excusable  doubt  in  the 
minds  of  responsible  naval  authorities  who  were 
not  engineers.  That  in  spite  of  this,  the 
Engineer-in-Chief  of  the  Fleet,  after  such  con- 
sideration as  he  deemed  necessary,  took  upon 
himself  the  enormous  responsibility  of  advising 
this  radical  and  bold  departure,  redounds  in- 
finitely to  his  sagacity  and  credit. 

INTRODUCTION    OP  THK    BKLLEVILLE. 

The  battle  of  the  boilers  may  be  said  to  have 
commenced  with  the  introduction  of  the 
Belleville  boiler  into  our  vessels  of  war  in  the 
year  1895,  but  long  previous  to  that  date 
we  had  adopted  water- tube  boilers  of  the  small 
tube  type  for  use  in  *Mestroyers."  In  fact,. 
without  a  boiler  of  this  kind,  the  existence  of 
the  fast  and  fragile  **  destroyer,"  as  we  know  it 
to-day,  would  have  been  an  impossibility.  No 
other  type  of  boiler,  except  the  "  express  "  or 
water-tube  type,  would  have  given  the  rapid  and 
easy  method  of  steam  generation,  or  would  have 
possessed  the  merits  of  extrelne  lightness  and 
adaptability  of  being  fitted  into  small  vessels. 

The  destroyer  Havock^  the  first  of  her  class ^ 
was  originally  fitted  with  locomotive  boilers^ 
and  she  was  looked  upon  as  the  best  example 
of  what  could  be  done  in  vessels  of  her 
type ;  but  the  performances  of  the  Havock 
have  been  far  surpassed  since  by  vessels  which 
were  fitted  with  the  small  tube  type  of  water- 
tube  boiler.  A  very  notable  case  is  that 
of  the  torpedo  gunboat  Speedy y  a  small  vessel  of 
8oD  tons  displacement,  built  by  Messrs.  Thorny- 
croft,  who  guaranteed  to  supply  a  horse-power 
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of  4,500  instead  of  the  3,500  obtained  with  loco- 
motive boilers  in  similar  vessels  of  her  class, 
and  to  do  it  on  a  smaller  weight  of  boilers, 
which  should  also  occupy  less  space.  The 
saving  of  weight  of  water  alone  in  the  boilers 
of  the  Speedy  was  20  tons,  a  very  valuable 
feature  considering  the  important  part  which 
weight  plays  in  small,  fast  vessels  of  this  class. 
The  Specify  was  a  triumphant  success,  and  the 
adoption  of  small  water-tube  boilers  for  the 
torpedo  gunboats,  torpedo  boat-destroyers,  and 
all  classes  of  torpedo  boats  became  general. 

The  evolution  of  the  large,  fast  war  cruisers, 
such  as  one  now  sees  in  the  navies  of  all  the 
important  maritime  Powers,  would  have  also 
been  impossible  without  the  adoption  of  a  water- 
tube  boiler  of  some  kind  or  another.  For 
fifteen  years  or  so  prior  to  the  introduction  of 
the  Belleville  boilers  into  the  British  Navy, 
France  had  been  using  them  in  the  vessels  of 
her  mercantile  marine,  and  had  also  adopted 
them  for  her  war  navy.     It  was  the  only  kind 


of  large  tube  water-tube  boiler  of  which  any 
extended  experience  had  been  obtained,  and, 
therefore,  having  become  convinced  that  a 
water-tube  boiler  was  an  absolute  necessity  for 
a  war  navy,  the  British  Admiralty  were  per- 
fectly justified  in  selecting  the  only  boiler  of  the 
kind  of  which  anything  was  known. 

UNRKA8ONIN0    OBJECTIONS. 

The  troubles  which  have  attended  its  intro- 
duction into  our  service  have  been  seized  upon 
as  a  reason  for  objecting  to  its  use  altogether. 
The  most  wild  and  unreasoning  statements  have 
been  made  against  the  alleged  unsound  practice 
of  boiling  water  in  a  tube,  by  the  adherents 
of  the  old  boiler  system,  who  forget  that,  after 
all,  a  cylindrical  boiler  is  merely  a  tube  on  a 
larger  scale.  The  soundest  engineering  practice 
is  that  which  can  obtain  the  best  result, 
and  leave  the  balance  of  practical  advan- 
tages on  its  own  side,  and  this  is  undoubtedly 
procured  by  the  water-tube  boiler. 
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cruisers  Powerful  and  TerriblCj  gave  every 
encouragement  to  the  Admiralty  to  fit  the  Belle- 
ville boiler  into  all  succeeding  vessels.  In  the 
earlier  cases  just  mentioned  it  had  been  found 
possible  to  detail  a  large  percentage  of  their 
engine-room  complements  for  duty  in  the  vessels 
before  they  were  required  for  commissioning, 
and  although  it  was  only  natural  in  a  new 
system  adopted  on  such  a  large  scale  that  some 
difficulties  should  be  met  with,  there  has  never 
been  any  serious  trouble  with  the  boilers  of 
these  ships.  One  of  them  having  already  com- 
pleted a  foreign  commission,  is  now  again  ready 
for  service  with  the  same  boilers  which  were 
placed  on  board  her  in  1895-6,  while  the  other, 
after  having  been  nearly  four  and  a  half  years  in 
commission,  is  just  returningfrom  service  on  the 
China  station. 

NKCKSaARV    CONDITIONS. 

It  is  a  necessity  with  an  installation  of  any 
kind  of  water-tube  boiler  that  there  should  be 
an  ample  supply  of  feed  water  of  the  purest  kind, 
and  to  ensure  this  there  should  be  great  care 
exercised  in  the  design  and  manufacture  of 
reliable  and  tight  condensers,  and  the  provision 
of  suitable  evaporating  plant  to  supply  an 
adequate  amount  of  feed  water  for  the  boilers. 
Troubles  which  have  occurred  in  many  ships 
owing  to  leaky  condensers,  loss  ot  water  by 
leaks  from  defective  steam  pipe  joints,  drains, 
imperfect  workmanship  and  other  causes,  are  now 
nearly  eliminated,  while  the  longevity  of  the  boilers 
is  being  increased  by  the  extra  experience 
which  those  entrusted  with  their  management 
are  gaining  in  their  care  and  preservation.  The 
recent  report  of  the  Water-tube  Boiler  Com- 
mittee is  to  some  extent  disappointing,  because, 
while  it  condemns  the  Belleville  boiler,  it  does 
not  definitely  suggest  any  other  type  of  water- 
tube  boiler  in  its  place. 

THK    BELLBVILLK    SCARK. 

The  Belleville  boiler  has  been  condemned 
because  up  to  the  present  it  has  been  the  only 
type  of  large  water-tube  boiler  in  our  Navy  with 
which  the  Committee  have  been  able  to  experi- 
ment on  any  scale,  but  while  the  members  of  the 
Committee  have  been  deliberating,  the  boilers 
themselves  have  been  giving  much  better  results 
as  officers  and  men  have  gained  experience  with 
them.  The  troubles  which  have  occurred  in  our 
Navy  with  Belleville  boilers  would  have  occurred 


with  any  other  class  of  water- tube  boiler  under 
similar  conditions,  and  they  are  all  connected 
with  causes  which  lie  outside  the  boilers  them- 
selves, and  which  are  now  in  process  of 
elimination.  It  is  not  the  purpose  of  this 
article  to  proclaim  the  merits  of  any  one 
particular  type  of  water-tube  boiler,  and  if 
the  experience  which  will  be  obtained  in 
our  new  cruisers  with  the  "  Babcock  and 
Wilcox,"  the  "  Niclausse,''  the  **  Durr,"  or  the 
"  Yarrow  "  large  tube  boiler,  all  of  which  have 
been  recommended  for  trial  by  the  Boiler  Com- 
mittee, proves  that  any  one  of  these  types  is 
superior  either  to  the  Belleville  or  to  the 
others,  then  by  all  means  let  the  Navy  be 
supplied  with  the  best  type  we  can  get. 
But,  in  the  meantime,  there  is  no  reason  for 
alarm,  because  about  sixty  or  seventy  of  our 
largest  vessels  of  war  are  fitted  with  the  Belle- 
ville boiler,  which  has  up  to  date  had  to  bear  the 
brunt  of  the  battle  of  the  boilers  in  our  Navy. 
Nearly  all  engineer  officers  of  the  Navy  who 
have  had  practical  experience  with  this  class  of 
boiler  prefer  it  greatly  to  the  cylindrical  boiler. 
The  objections  of  other  naval  engineers  are 
more  theoretical  than  practical.  Admirals  Sir 
John  Fisher  and  Lord  Charles  Beresford,  who 
have  recently  returned  to  England  from  the 
Mediterranean  Fleet,  have  probably  between 
them  given  that  squadron  more  hard  and  con- 
tinuous steaming  than  has  fallen  to  the  lot  of  any 
other  fleet  in  the  world,  and  in  all  such  cases 
the  ships  with  water-tube  boilers  have  made 
the  best  performances,  and  have  been  the  most 
reliable  steamers. 

CONCESSION    TO    PESSIMISM. 

The  phenomenal  success  obtained  in  the 
trials  of  the  four  mighty  cruisers  of  the  Leinathan 
class,  each  of  which  developed  easily  30,000 
horse-power  and  attained  a  speed  of  over 
23  knots  per  hour,  and  the  more  recent  trials  of 
the  three  cruisers,  Powerful^  Spartiale^  and  Europa, 
which  have  taken  place  lately  in  the  English 
Channel,  should  reassure  the  public  mind  on  the 
matter  of  water- tube  boilers.  The  statement  of 
Admiralty  policy  which  was  recently  made  by 
Lord  Selborne  in  the  House  of  Lords,  leaves 
no  doubt  that  those  responsible  for  the  efficiency 
of  the  Navy  consider  that  the  water-tube  boiler 
is  the  best  suited  for  naval  needs.  The  decision 
to    fit    the    new    cruisers    of    the    Dei^onshire 
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class  with  a  combination  of  one-fifth  cylindrical 
and  four-fifths  water-tube  boilers  is  a  conces- 
sion to  pessimism  and  sentiment  The  practical 
difficulties  in  its  working  probably  will  be  found 
to  overcome  its  supposed  advantages. 

WANTCD-lltCRCilSCD   SKILL. 

If  more  than  ordinary  skill  be  required  for 
the  satisfactory  working  of  water-tube  boilers, 
then  it  is  the  duty  of  the  Admiralty  to  insist  on 


a  thorough  and  comprehensive  system  of  train- 
ing for  the  naval  engineer  personnel.  Every 
advance  in  a  science  or  subject  must  be  paid  for 
in  one  way  or  another,  and  if  increased  skill  and 
attention  be  the  price  required  for  the  undoubted 
advantages  of  the  water-tube  boiler  for  war 
vessels,  there  is  plenty  of  the  highest  engineer- 
ing talent  in  the  country  which  can  he  obtained, 
if  the  Admiralty  will  only  take  the  proper  means 
to  secure  it. 


CYLINDRICAL   BOILERS   FROM  AN    ENGINEERS    STANDPOINT. 


ACCORDING  to  the  evidence  taken  by  the 
Committee,  no  type  of  water-tut)e  boiler 
at  present  in  use  is  on  general  service  so 
economical  as  the  cylindricaL  The  Committee 
themselves  expwess  the  opinion  that  retarders 
will  be  found  in  many  cases  to  render  existing 
cylindrical  boilers  even  more  efficient  and 
economical  than  they  are  at  present  Until  a 
thoroughly  satisfactory  water-tube  boiler  is 
obtained,  the  Committee  recommend  that  in 
large  cruisers  and  battleships  cylindrical  boilers 
of  sufficient  power  to  work  the  auxiliary 
machinery,  and  to  drive  the  ship  at  her  ordinary 
cruising  speed,  should  be  used  with  the  same 
steam-pressure  as  for  the  water-tube  boilers,  say 
210  lbs.  per  square  inch. 

The  cylindrical  boiler,  then,  is  not  played 
out,  and  in  so  far  as  the  merchant  ser\ice  is 
concerned,  nothing  so  good  and  serviceable  has 
yet  been  devised  as  the  good  old  **  Scotch 
boiler,"  which  superseded  the  "  tank,"  arid 
which  still  deserves  its  name  for  efficiency, 
reliability,  and  persistency,  whether  or  not  the 
time  has  come  for  some  improvement  in  the 
steam-generating  plant  of  sea-going  steamers. 
It  has  been  often  said  that  the  pn egress  made  in 
boiler  equipment  (the  most  costly  and  perish- 
able part  of  the  outfit  of  a  steamer)  has  not 
been  commensurate  with  that  in  engine  prac- 
tice. This  is  not  quite  true.  Fifteen  or  twenty 
years  ago,  eight  years  was  considered  a  good 
average  life  for  a  marine  boiler  ;  to-day,  twenty 
years  is  a  by  no  means  uncommon  age.  The 
tyj>e  remains,  but  mechanical  prt^gress  does 
not  necessarily  involve  change  of  txpe.  The 
SCv^tch  lx>iler  was  undoubtedly  the  founder 
of  the  success  of  the  marine  engine  as  w^ 
now  know  it. 


The  first  high  pressure  Scotch  boiler  was 
fitted  into  the  first  triple  expansion  steamer  in 
1 88 1.  This  was  the  Claremont  of  Xewcastle- 
on-Tyne,  whose  engines  were  built  by  Messrs. 
Douglas  and  Grant,  of  Kirkcaldy.  Previous  to 
that  no  boiler  builder  would  undertake  to  build  a 
boiler  for  150  lbs.  pressure.  The  determination 
of  the  qualities  that  go  to  make  up  efficiency 
has  not,  perhaps,  been  quite  so  familiar  a  study 
as  it  ought  to  be.  It  is  not  so  many  years  since 
the  shearing  strength  of  a  rivet  was  considered 
equal  to  its  tensile  strength.  Apart  from 
developments  in  the  art  of  the  boiler-maker, 
however,  he  has  now  at  his  command  better 
materials  than  ever  were  known  before.  If  a 
i:>erfect  boiler  can  be  evolved  at  all,  it  should  be 
evolved  now,  when  we  have  the  perfection  of 
material  and  the  highest  natural  and  inherited 
results  in  scientific  insight  and  technical  appli- 
cations. As  far  as  material  is  concerned,  there 
is  no  reason  why  a  boiler  should  not  last  thirty 
or  forty  years. 

The  essential  condition  for  all  boilers  is,  of 
course,  that  they  shall  have  sufficient  structural 
strength  to  withstand  the  ordinary  working 
pressure.  But  tiiey  should  also  have  a  margin 
beyond  this,  to  enable  them  to  work  with 
efficiency  even  when  some  parts  become  thinned 
by  corrosion,  Tnen  they  should  be  so  designed 
as  to  withstand  continuously  the  effects  of 
expansion  and  contraction  resulting  from  the 
changes  of  temperature,  not  only  as  to  the 
whole  structure  but  also  as  to  special  parts.  The 
design  should  admit  of  the  furnaces,  flues,  etc., 
l>eing  readily  cleaned,  and  should  provide  for 
the  free  discharge  of  the  steam  produced  from 
the  heating  surfaces.  It  is  further  desirable 
that   the    furnaces,  fines,   etc,   should    be    so 
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arranged  as  to  admit  of  perfect  combustion  of 
the  fuel,  and  of  the  ready  transfer  of  the  heat 
from  the  products  of  combustion  to  the  water 
or  steam  in  the  boiler ;  for  upon  these  matters 
economy  largely  depends.  Facility  for  cleaning 
the  whole  of  the  inside  of  the  boiler  is  of 
essential  importance.  The  capability  of  being 
"  forced,"  which  is  possessed  by  some  t5rpes,  is 
a  distinct  advantage.  The  rapidity  with  which 
steam  can  be  raised  or  lowered,  depending 
largely  on  the  total  quantity  of  water  containeid 
in  the  boiler,  and  the  power  obtainable  on  a 
given  weight,  or  in  a  given  space,  or  on  a  given 
floor  area,  are  also  qualities  demanding  con- 
sideration, as  well  as  the  ease  with  which  a 
defective  tube  can  be  plugged  or  replaced,  or 
other  small  repairs  effected.  In  the  selection 
of  a  boiler  for  any  particular  service,  therefore, 
all  its  qualities  must  be  considered,  and  the  type 
selected  should  be  that  which  will  give  more 
advantages  than  disadvantages. 

In  the  case  of  the  so-called  "Scotch,"  or 
cylindrical  multitubular  boiler,  the  grates  are 
arranged  in  circular  flues  or  furnaces,  extending 
from  the  front  of  the  boiler  for  six  or  seven  feet 
into  the  interior.  The  flames  and  hot  gases 
from  the  fuel  rise  at  the  end  of  the  furnace  into 
the  flame  chamber,  which  varies  in  height  with 
the  size  of  the  boiler,  but  is  as  a  rule  from  two 
to  three  feet  in  width.  The  tube  is  one  of  the 
walls  of  this  chamber,  and  it  is  pierced  with 
holes,  through  which  the  tubes  are  fitted  to  the 
front  plate  of  the  boiler.  When  the  flames  and 
hot  gases  from  the  flame  chamber  pass  through 
the  tubes  running  parallel  with  the  furnace,  the 
heat  so  distributed  generates  steam  from  the 
water  around  the  tubes.  From  the  front  of  the 
boiler  the  hot  gases  and  smoke  are  guided  by 
the  smoke-box  to  the  funnel.  The  tubes  are 
connected  with  the  tube  plate  by  the  forced 
expansion  of  the  metal,  which  is  fitted  in  cold, 
and  this  is  where  leakage  is  apt  to  take  place,  as 
the  result  of  the  continual  play  of  the  flames  on 
plate  and  tubes.  The  connection  has  been  found 
sufficient  for  ordinary  circumstances.  But  when 
forced  draught  is  used  the  cold  air  rushes  in 
with  the  hot  gases  when  the  furnace  door  is. 
opened,  and  causes  sudden  and  violent  changes 
of  temperature,  by  which  the  tube  plate  is 
affected.  In  a  steamer,  when  the  boilers  leak 
under  hard  pressure  of  forced  draught,  the 
steam  may  find  its  way  into  the  furnace  and 


drive  the  flames  out  into  the  stokehold,  with 
serious  danger  to  life  and  limb  of  the 
stokers. 

In  naval  construction  the  fault  seems  to  have 
been  first  in  reducing  the  size  of  the  boilers  to 
save  weight,  then  in  introducing  forced  draught, 
and  then  in  expecting  too  much  from  the  boilers 
as  the  result.  In  the  merchant  service  Scotch 
boilers  are  generally  used  with  natural  draught, 
though  forced  or  induced  draught  is  frequently 
applied  to  them,  but  in  the  Navy  forced  draught 
is  always  employed  at  full  powers. 

The  cylindrical  boiler  is  probably  the  best  in 
use  as  far  as  completeness  of  combustion  of  coal 
is  concerned,  when  worked  under  ordinary 
conditions.  With  skilled  attention  it  is  possible 
to  obtain  results  showing  fairly  complete  com- 
bustion in  almost  any  boiler.  But  as  in  this 
boiler  all  the  gases  from  the  front  of  the  fire 
have  to  pass  over  the  rest  of  the  fire,  meeting  at 
right  angles  to  the  streams  of  gases  coming 
through  the  back  part  of  the  grate,  if  the  fire  is 
of  uneven  thickness  from  careless  stoking  the 
gases  have  a  probability  of  mixing  together, 
before  passing  over  the  bridge  into  the  com- 
bustion chamber,  to  enter  which  they  have  to 
take  a  sharp  turn  at  right  angles,  which  again 
assists  them  to  commingle  ;  and  in  the  chamber 
they  have  further  opportunities  of  mixing. 
Thus  the  unburned  gases  become  largely  con- 
sumed before  they  can  get  into  the  tubes,  where 
their  temperature  is  quickly  lowered  below  the 
ignition  point,  and  no  further  combustion  is 
then  possible.  All  combustion,  then,  must  take 
place  either  in  the  furnace  or  in  the  combustion 
chamber. 

This  boiler,  further,  being  less  dependent  for 
economy  upon  careful  stoking  than  most  of  the 
other  types,  has  not  so  much  necessity  for  inces- 
sant watchfulness  as  regards  the  water  supply. 
The  free  water  area  is  large,  and  in  ordinary 
working  there  are  several  inches  of  water  above 
the  heating  surfaces,  so  that  a  considerable 
amount  of  water  may  be  evaporated  after  the 
stoppage  of  the  feed  supply,  before  dangerous 
consequences  ensue.  The  roomy  steam  space 
and  large  volume  of  water  contained  in  the 
boiler  also  act  as  reservoirs  of  energy,  and  con- 
siderably modify  the  effects  of  irregular  or 
careless  stoking.  This  is  why  Mr.  J.  T.  Milton, 
of  Lloyd's,  says  that  this  boiler  can  be  worked 
with  a  fair  amount  of  success  under  conditions 
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0»:e  triejTy  is  that  the  fault  is  due  to  a  want  of 
eitsdciri^  ia  the  tube-plate,  and  that  it  ought  to 
be  siuch  thinner  than  it  usually  is.  Experiment 
iLis  shown  that  the  part  of  the  tube-plate 
nearest  to  the  fire  expands  more  than  the 
upper  part,  thus  giving  the  plate  a  tendency  to 
curvTf,  and  the  contention  is  that  tubes  of  equal 
leai;th  connected  with  the  plate  must  become 
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distorted  when  the  plate  curves,  besides  the 
molecular  strain  on  the  tube-plate  due  to  the 
two  sides  being  subjected  to  different  tempera^ 
tares.  Others,  again,  contend  that  the  strain 
which  causes  the  leakage  is  due  to  the  tube- 
plate  being  overheated  in  consequence  of 
deficient  water  circulation  in  the  boiler,  and 
especially  immediately  inside  the  tube-plate. 
.  Some  of  the  experiments  of  Sir  A.  J.  Durston, 
Chief  Engineer  of  the  Royal  Navy,  were  made 
with  a  view  to  proving  this.  A  few  years  ago 
he  applied  forced  draught  and  an  improvised 
arrangement  corresponding  to  a  boiler,  until  the 
tube-plate  became  red-hot  at  1,400  deg.  F.,  and 
when  the  boiler  was  cooling  there  was  leakage. 
The  p>oint  to  which  the  tube-plate  in  this  case 
could  be  heated* without  subsequent  ieakage  was 
750  deg.  F.,  and  it  was  ascertained  that  a 
deposit  of  grease  inside  the  boiler  resulted  in  a 
loss  of  efficiency  to  the  extent  of  8  to  15  per 
cent.  Tests  were  also  made  to  ascertain  the 
temperature  of  the  gases  in  their  course  from 
the  fire  through  the  tubes  in  a  small  boiler. 
Starting  at  1,644  ^^S»  ^v  ^^  ^^^  combustion 
chamber,  they  entered  the  tubes  at  1,550  deg. 
When  they  had  passed  over  i  in.  the  tempera- 
ture was  1,466  deg.;  at  2  in.,  1,426  deg. ;  at  3  in.. 


1,405  deg.  ;  while  at  8  in,,  it  recovered  to 
1,410  deg.,  and  at  14  in.  dropped  to  1,36^  deg., 
continuing  to  fall  to  887  deg.  at  6  ft.  8  in. 
Two-elevenths  of  the  fall,  therefore,  took  place 
in  the  first  2  in.  of  the  tube,  so  it  is  quite 
evident  that  the  greatest  generation  of  steam  is 
in  the  vicinity  of  these  two  inches,  or  practically 
close  to  the  tube-plate.  If  the  water  therp  does 
not  circulate  satisfactorily  there  is  a  tendency  to 
overheat. 

A  discussion  of  all  the  theories,  however,  is 
too  large  for  our  present  purpose.  Many 
engineers  look  very  hopefully  on  the  tubular- 
boiler,  not  so  much  on  account  of  the  defects  in 
the  multi-tubular,  as  of  the  objections  to  its 
weight  and  the  weight  of  water  it  contains — 
objections  which,  of  course,  have  most  strength 
in  regard  to  high-speed  steamers.  There  are 
two  fixed  and  distinct  classes  of  water-tube 
boilers,  those  with  large  tubes  and  those  with 
small  tubes.  The  former  have  found  most 
favour  where  considerations  of  weight  are  not 
extremely  urgent  It  is  noticeable,  however, 
that  of  recent  times  the  tendency  in  large  tube 
types  has  been  towards  a  smaller  size  of  tube, 
and  in  the  small  tube  type  towards  a  somewhat 
larger  size. 
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GOOD  system  of 
prime  costs  is  a 
great  help  in  the 
preparation  of  esti- 
mates, especially 
as  a  guide  to  the 
probable  cost  of 
labour,  and  a  cor- 
rect system  of 
ascertaining  the 
percentage  of 
standing  charges  io  be  added  to  the  bare 
cost  of  material  and  labour  is  of  great 
importance.  In  many  cases  in  which  losses 
in  trading  have  been  incurred,  analysis  has 
shown  that  estimates  as  a  whole  have  been 
correctly  made  so  far  as  actual  cost  of  material 


and  labour  have  been  concerned,  but  that  the 
prices  taken  have  been  too  low  owing  to  the 
percentage  added  to  cover  standing  charges 
being  under  estimated. 

It  is  advisable  that  all  estimates  should  pass 
through  the  hands  of  one  man,  who,  for  con- 
venience, may  be  called  the  estimate  clerk, 
although  he  should,  in  addition  to  clerical 
experience,  have  been  through  the  works  and 
have  a  good  technieal  knowledge  of  the 
machinery,  etc.,  with  which  he  has  to  deal. 
Such  a  man  is  necessarily  more  expensive  than 
an  ordinary  clerk,  but  the  difference  in  salary  is 
made  up  many  times  over  in  the  avoidance  of 
blunders  with  the  losses  which  they  entail. 

All  tenders  should  be  made  out  on  a  special 
form,  such  as  Form  No.  lo,  and  are  preferably 


TKNDKR. 

Form  Xo.  lo. 
Xo... 


M. 


Dear  Sir. 

In  reply  to  your  esteemed  inquiry  of inst..  our  price  for  a  Dynamo  Electric  Machine  to  work  as .   . 

to  be  our Type,  size capable  of  developing irt; Volts  at  a  speed  of 

Re\-s.  per  Minute,  in  accordance  with  accompanying  Specification  and  Tracing  Xo will  be  as  follows : — 

£  s.  d.  £  s.  d. 

Price  of  Machine  alone .,  .,  Price  of  Starting  Switch 

Slide  Rails       „  .,  .,         Regulating, 

Third  Bearing  ......  ,,  ..         Reversing    .... 

.,         E.xtra  Rail  for  Third   bearing  ..  „  „         Combination     Bedplate     and 

Flywheel  „  .,  Coupling  to  Engine. . 

Regulating     Resi«tiince     for 
bhunt.. 

Packing Carriage Delivery  within from  date  of  0:dcr 

Terms  ot  payment 


We  truNt  to  receive  your  Order,  which  shr.ll  receive  tmr  be^l  alt«ntion  and  inanks,  and  remain,  yours  faithfully. 
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of  such  a  size  that  three  can  be  copied  on  one 
page  of  an  ordinary  foolscap  copying  book.  In 
this  book  the  tenders- only  should  be  copied, 
and  one  tender  only  should  be  copied  on  each 
page.  Thus  two-thirds  of  each  page  are  left 
blank  after  the  tender  has  been  copied,  and 
this  blank  space  allows  for  the  copying  of 
amended  tenders  or  for  the  entering  of  special 
information.  Each  morning  all  inquiries  are 
handed  to  the  estimate  clerk,  who,  on  receiving 
them,  turns  to  his  press  copy  Tender  Book  and 
gives  each  inquiry  its  future  Tender  Number. 
Thus,  suppose  the  Tender  Book  in  use  is  No.  2, 
and  the  last  page  on  which  a  tender  is  copied 
is  120,  he  will  number  the  inquiry  letters 
£2/121,  £2/122,  etc.,  and  as  he  does  so  he  will 
tick  off  the  corresponding  leaves  in  the  book  to 
indicate  that  they  have  been  taken.  The  Tender 
Number  should  be  quoted  in  all  correspondence 
and  other  papers  relating  to  it,  so  that  at  any 
future  time  the  whole  matter  can  be  easily  traced 
out  if  necessary. 

An  inquiry  may  be  for  a  machine  of  standard 
pattern,  a  machine  of  special  design,  or  it  may 
be  for  a  complete  contract  comprising  various 
sizes  of  standard  machines,  special  machines, 
erection  at  site  with  steam  and  water  pipes  and 
other  accessories. 

PRBIQHT  CHARQK8. 

For  standard  machines  the  clerk  will  keep  a 
tabulated  record  of  costs  and  net  prices,  and  to 
these  he  will  add  such  amount  for  packing, 


No.. 


Cor.  No., 


1  DRAUQHTSMAN'S  QUANTI' 

•           Fo.mNo.  5. 

Tender  No. . 

riBS. 

. . 19  ... 

For 

^Jj               Description.              Z 

i 

cwt. 

c 

6 

lbs. 

f  Brass. 

— 

3"  Copper.       1 

1  ■ 

Totals. 


Finished  parts  from  stores 
entered  here 


i 


OATALOOUB 

Form  No  78. 

Size 

Name 

>ubject 

Date Edition 

Form  A. 
Richard  Thomas  &  Hfenry. 

steam  Valves.  Catalogue  4  to  No.  125. 

Correspondence  No.,  308. 

Discount  33}  per  cent,  and  2J  per  cent  month. 

Form  B. 
steam  Valves. 
Richard  Thomas      Henrj'. 

Catalogue  4  to  No.  125. 

Correspondence  No.,  308. 

Discount  33j|  per  cent,  and  2^  per  cent,  month. 

carriage,  etc.,  as  each  case  may  demand.  For 
the  determination  of  railway  charges,  very  con- 
venient books  may  be  obtained,  which  give  for 
any  town  the  railway  rate  for  goods  of  any  class 
to  any  other  town  served  by  the  railways. 
Similar  books  may  be  obtained  for  dock  charges. 
It  is  very  important  that  these  should  be  borne 
in  mind  in  cases  where  goods  are  to  be 
delivered  F.O.B.  Firms  not  accustomed  to 
delivering  F.O.B.  very  often  assume  that  as 
railway  charges  include  delivery  (within  a 
reasonable  radius)  to  any  factory  or  warehouse 
they  also  include  delivery  to  a  ship.  This  is 
not  so  ;  as  the  railway  company  only  deliver  to 
the  dock  and  the  dock  company  handle  the 
goods  and  put  them  on  board.  Thus  a  sum 
must  be  added  to  the  railway  charge  to 
allow  for  delivery,  F.O.B.  The  charges  in 
different  ports  and  for  goods  of  different 
classes  vary,  but  ought  always  to  be  kept  in 
view. 

Inquiries  for  special  machines  or  complete 
contracts  are  handed  to  the  chief  draughtsman, 
who,  instructed  by  the  manager,  prepares  what- 
ever drawings  are  necessary,  and  from  these 
makes  up  the  list  of  Quantities  (Form  No.  5).  On 
this  list,  in  addition  to  raw  material,  there  are 
given  the  quantities  of  articles  which  may  be 
purchased  ready  finished,  such  as  lubricators, 
bolts  and  nuts,  and  other  parts  which  it  pays 
better  to  buy  than  to  make. 

THB    PILINQ    OP    OATALOQUB8. 

Generally  speaking,  the  prices  of  these  may 
be  taken  from  catalogues,  so  that  a  well-kept 
system  of  filing  is  very  desirable.  Catalogues 
as  a  rule  are  not  well  kept,  the  usual  thing  being 
to  pile  them  on  a  shelf  or  stow  them  away  in  a 
drawer. 
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The  system  in  use  by  the  writer,  and  which 
ne  has  also  introduced  recently  in  a  large 
engineering  works  in  the  north,  enables  any 
catalogue  to  be  found  without  any  vexatious 
delay.  The  catalogues  are  kept  in  drawer 
boxes  in  which  three  sizes  of  drawer  are 
used,  one  to   take    catalogues,  up   to   octavo, 


INQUIRY. 

Form  No.  27. 


W.  Jones  &  Co..  Ltd. 

Lonckui,  E.C. 


Dear  Sirs, 

Please  quote  us  your  lowest  price 

on  this  form,  which  is  written  and  printed  in  copying  ink,  for 

goods  as  below,  packed  and  delivered .'. .  ^ 

stating  the  earliest  time  in  which  you  can  guarantee 

delivery. 


Quantity. 


Description. 


Rate. 


Terms 

Packing 

Carriage 

Delivery  within from 

date  of  order. 


Signed. 


the  second  to  take  catalogues  from  octavo  up  to 
quarto,  and  the  third  to  take  sizes  above  quarto. 
Three  books  are  kept,  one  for  each  size,  in 
which  the  catalogues  are  entered  and  con- 
secutive numbers  given  to  them  as  they  are 
received.  To  each  catalogue  is  gummed  a  label 
(Form   No.   78)  on    which    are    entered    the 


Page's  Magazine. 

particulars,  which  are  also  entered  on  two  sets 
of  cards,  one  under  the  names  of  the  firms  and 
the  other  under  the  subject  matter. 

Examples  A  and  B  show  the  entries  on  two 
cards. 

PRBPARATION    OP    BSTIMATKS. 

Where  special  quotations  have  to  be  asked 
for,  an  Inquiry  Form  (No.  27)  is  sent  out.  These 
forms  are  filled  up  and  returned  by  firms  tender- 
ing, and  are  from  time  to  time  bound  into  books. 
The  forms  are  numbered  and  a  card  index  is 
kept  of  them  the  same  as  for  catalogues. 

Having  ascertained  prices  for  all  the  materials 
given  on  the  list  of  quantities,  the  estimate 
clerk  then  enters  up  the  material  column  of 
Form  No.  9,  adding  a  percentage  to  cover  un- 
booked material.  For  the  labour,  the  draughts- 
man prepares  a  list  similar  to  Form  No.  5,  but 
with  the  columns  headed  with  the  different 
classes  of  labour  and  their  rates  of  wages. 
This  list,  together  with  the  drawings,  goes  to 
the  different  foremen,  who  fill  in  their  estimates 
of  the  number  of  hours  the  different  parts  will 
take.  Before  going  back  to  the  estimate  clerk 
these  lists  should  be  passed  by  the  works 
manager,  who  may  see  fit  to  modify  the  fore- 
man's figures.  The  estimate  clerk  then  fills  in 
the  labour  column  of  Form  No.  9  and  adds  the 
percentage  necessary  to  cover  standing  charges. 
Costs  of  packing,  railway  charges,  dock  charges 
(if  any)  are  then  added,  and  the  estimate 
is  totalled. 

The  manager  or  principals  then  decide  what 
price  shall  be  quoted,  and  the  Tender  Form 
(No.  10)  is  filled  up,  together  with  the  necessary 
specification  and  drawings. 


BSTIMATK. 

Form  No.  9. 
Tender  No. .... 

Date 

1 

To 

For 

i 



i. 

Quantity. 

Description.                            I 

1 

1 

Weight. 

Rate. 

Labour. 

Materia 

Charge. 

Cwt.    qr>.  lbs. 

£       s,      d. 

' 

s. 

d. 

'      £'    1    *.       d-  1 

■         1 
1 

1 

i 
1 
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It  is  interesting  to  learn,  upon 

Uquid-fuei-      what      seems      to      be     good 

burning  Loeomo-        .,       ..  tu  a,      -kjt         o       t 

tives.  authority,      that     Mr.     R     J. 

Billinton,  the  locomotive  super- 
intendent of  the  London,  Brighton  and  South 
Coast  Railway,  is  about  to  try  the  experiment 
of  burning  liquid-fuel  on  some  of  the  engines 
employed  on  that  line.  The  system  to  be  used 
is  that  invented  by  Mr.  J.  Holden,  locomotive 
superintendent  of  the  Great  Eastern  Railway. 
It  has  now  been  employed  for  many  years  on 
that  railway,  and  has  given  results  which  must 
be  characterised  as  entirely  satisfactory.  The 
use  of  liquid-fuel  in  locomotives  is,  of  course, 
no  novelty,  having  long  been  practised  both  in 
Russia  and  in  America,  where  mineral  oil  is 
abundant  and  cheap.  Mr.  Holden/s  method, 
however,  differs  in  some  important  respects 
from  those  hitherto  employed  in  those  countries 
where  there  is  no  uncertainty  as  to  the  perma- 
nence of  ample  supplies  of  the  liquid-fuel. 
When  Mr.  Holden  started  the  liquid-fuel  move- 
ment in  this  country  his  object  was  simply  to 
get  rid  of  troublesome  refuse,  chiefly  gas-tar. 
In  the  absence  of  any  definite  knowledge  as  to 
the  amount  of  fuel  that  would  be  economically 
available,  the  engines,  while  able  to  burn  liquid- 
fuel,  had  also  to  be  fitted  for  coal  consumption 
should  the  other  combustible  not  be  accessible. 
This  principle  has  been  adhered  to  in  the  case 
of  all  the  liquid-fuel-burning  locomotives  of  the 
Great  Eastern  Railway.  Thus,  should  the 
liquid-fuel  supplies  at  any  time  give  out  or 
become  too  costly,  recourse  can  at  once  be  had 
to  coal  without  any  alterations  in  the  engines. 


Method  of 
Working. 


In  ordinary  working  the  Holden 
engines  burn  liquid  -  fuel  in 
association  with  solid  com- 
bustibles, and  not  instead  of  them.  The  gas- 
tar  or  petroleum  refuse  is  stored  in  tanks  on  the 
tender,  and  is  sprayed  into  the  firebox  by  means 
of  roses  on  two  pipes,  through  which  the 
material  is  driven  by  a  jet  of  steam,  air  being 
also  admitted  through  an  annular  orifice  in  each 
rose.  The  hydro-carbon  spray  enters  the  fire- 
box above  a  low  coal  fire  in  which  there 
are  numerous  lumps  of  incandescent  chalk. 
The  spray  is  ignited,  and  while  the  engine  is  at 
work  the  firebox  is  filled  with  a  clear,  clean,  pure 
white  flame  of  great  heating  power,  which  the 
driver  can  regulate  to  greater  or  less  intensity 
by  adjusting  two  small  thumbscrews.  Thus  the 
steam  can  be  kept  steadily  at  its  most  advan- 
tageous point,  just  below  bio  wing-off  mark 
during  the  whole  length  of  a  long  non-stopping 
run,  such  as  that  from  Liverpool  Street  to  North 
Walsham — a  distance  of  131  miles,  run  at  an 
average  speed  of  about  50  miles  an  hour,  and 
an  actual  working  average  of  about  55.  The 
convenience,  cleanliness,  and  general  advan- 
tageousness  of  the  plan  are  indisputable. 


Why  not 
ffenerally 
adopted  ? 


It  may  fairly  be  asked :  Why,  if 
this  plan  be  really  so  advan- . 
tageous,  has  it  not  long  ago 
been  adopted  by  all  the  other 
railways  ?  The  answer  is  very  simple.  To  use 
liquid-fuel  engines,  there  must  be  ample  suppHes 
of  liquid-fuel.  Hitherto  these  have  been  want- 
ing.     The  Great  Eastern   Railway  practicall\ 
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absorbed  all  that  could  be  obtained  at  remuner- 
ative rates.  The  locomotive  superintendent  of 
one  of  the  leading  Scottish  lines  wished  to  try 
the  plan,  but  deemed  it  prudent  first  to  ascer- 
tain whether,  if  he  constructed  the  engines,  he 
could  get  the  fuel  for  them  to  bum.  Finding, 
on  enquiry,  that  the  Great  Eastern  had  secured 
all  the  cheap  liquid-fuel  available  as  far  north 
as  Glasgow  itself,  he  reluctantly  abandoned  the 
idea.  Lately,  however,  fresh  sources  of  supply 
having  been  discovered,  several  railways  have 
begun  to  use  liquid-fuel,  and  the  experiment 
will  be  tried  on  the  London,  Brighton  and 
South  Coast,  as  well  as  on  the  South  Eastern 
and  Chatham,  and  on  the  Metropolitan.  Of  its 
success  there  can  be  no  doubt  at  all.  Absolute 
proof  has  been  afforded  that  Mr.  Holden's 
system  is  equal  to  all  requirements  if  adequately 
managed.  Therefore,  should  it  fail  in  any  other 
case,  the  fault  will  be  attributable,  not  to  the 
system,  but  to  its  local  working.  However,  no 
such  failure  need  be  anticipated,  and  the  in- 
creasing use  of  liquid-fuel  will  do  much  to 
obviate  the  nuisance  caused  by  railway  smoke 
and  sparks. 

Another  valuable  improvement 

Compound       that  of  compounding,  for  loco- 
Loeomotives.  .  ,     ^  f  , 

motives,    has  recently  .made  a 

fresh  step  forward  in  England.  For  many  months 
rumour  was  busy  with  a  report  to  the  effect 
that  at  Derby — that  railway  "  home  of  mystery  " 
— a  new  type  of  compound  locomotive  had  been 
designed  by  Mr.  S.  W.  Johnson,  the  able  loco- 
motive superintendent  of  the  Midland  Railway, 
and  that  two  pioneer  engines  of  this  class  had 
been  built.  This  report  proves  to  be  correct,  and 
Nos.  2631  and  2632  have  not  only  left  the 
Derby  shops,  but  have  actively  begun  work,  one 
taking  daily  the  10.5  a.m.  train  from  Leeds  and 
the  other  the  3.55  p.m.  from  Carlisle.  The  two 
engines  are  practically  identical,  save  that  one 
has  plain  copper  tubes  giving  1,598  square  feet 
of  tube  heating-surface,  while  the  other  has  the 
Serve  or  ribbed  tubes,  which  givt  1,720  square 
feet  of  surface.  Each  has  150  square  feet  of  heat- 
ing surface  in  the  firebox,  26  square  f e^t  of  grate 
area,  and  works  at  a  boiler  pressure  of  195  lbs. 
of  steam  per  square  inch.  Mr.  Johnson  appears 
to  have  adopted  in  a  large  measure  the  same 


arrangement  of  cylinders,  etc.,  as  that  of  No. 
1619  on  the  North-Eastern  Railway,  excepting 
that  the  piston  stroke  is  26  in.,  both  with  the 
high-pressure  and  the  low-pressure  cylinders. 
There  is  only  one  high-pressure  cylinder,  which 
is  placed  inside  the  frames  and  drives  the 
leading  coupled  axle  by  a  single-throw  crank. 
There  are  two  low-pressure  cylinders,  each 
21  in.  in  diameter,  placed  outside.  They  drive 
the  same  pair  of  wheels.  By  a  special  arrange- 
ment of  the  valves  it  is  provided  that  although 
the  steam  pressure  in  the  boiler  may  be  195  lbs. 
per  square  foot,  the  pistons  shall  never  be 
forced  to  bear  a  severer  strain  than  that 
which  would  ordinarily  be  experienced  at  a 
pressure  of  170  lbs.  in  the  boiler,  which  is  that 
employed  in  many  Midland  engines.  The  pres- 
sure in  the  low-pressure  cylinders  is  ordinarily 
40  lbs,  to  60  lbs.,  but  this  can  be  reinforced  in 
case  of  need  by  the  admission  of  auxiliary  steam 
from  the  boiler  through  a  special  valve.  Stephen- 
son's link-motion  is  used  to  work  the  valves,  and 
the  reversing  gear  can  be  applied  at  will  either 
to  high-pressure  or  low-pressure  cylinders 
separately,  or  to  both  together  with  the  same 
handle.  Special  devices  are  employed  to 
minimise  back  pressure. 

The  leading  dimensions  of  the 

Dimensions  of     new  Midland  compound  engines 
New  Midland  _,.         ^      ^      -        ,  ?  . 

Engines.        ^^^  •       Diameter      of      driving 

^  and    trailing     wheels    coupled, 

7  ft..;  bogie  wheels,  3  ft.  6  in.  ;  high-pressure 
cylinder  (i),  19  in.  by  26  in.  ;  low-pressure 
cylinders  (2),  21  in.  by  26  in. ;  total  heating  sur- 
face (plaiatubes),  1,598  square  feet  (Serve 
tubes),  1,720*.^  square  feet ;  diameter  of  boiler 
barrel  (inside)).,  4  ^t.  8  in.  ;  length  of  boiler 
II  ft.  7  in. ;  height  of  boiler-centre  above 
rafls,  8  ft.  6  in.  ^^ grate  area,  26  square  feet; 
steam  pressure,  >I95  l^s.  Weight  of  engine 
in  working  ordeI^:  On  bogie  wheels,  20 J» 
tons ;  on  drivingV  wheels,  19^  tons  ;  on 
trailing  wheels,  19*  tons;  total,  59J  tons. 
Tender  (on  two  foV-wheel  bogies)  loaded, 
52^  tons  ;  total  of  eng)^e  and  tender,  112  tons. 
The  new  engines  app.par  to  be  working  ver>* 
well  and  to  be  giving  kood  results.  It  will  be 
observed  that  Mr.  Joh:  ison,  in  his  new  three- 


cylinder    compounds. 
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Webb's  three-cylinder  practice,  as  did  Mr. 
Worsdell  with  No.  1619  on  the  North-Eastern 
Railway.  That  is  to  say,  whereas  Mr.  Webb 
has  two  high-pressure  cylinders  outside  and  one 
low-pressure  cylinder  inside,  Mr.  Johnson  and 
Mr.  Worsdell  have  one  high-pressure  cylinder 
inside  and  two  low-pressure  cylinders  outside. 
Experience  alone  can  decide  which  of  the  two 
plans  is  preferable. 

It  will  also  be  interesting  to 
Two,  three,  op  note  the  comparative  working 
Cw^^unds!^  o^  ^bis  new  class  of  three- 
cylinder  compounds  as  against 
the  performance  of  the  four- cylinder  types  on 
ihe  one  hand,  and  the  two-cylinder  class  on  the 
other.  With  such  able  and  eminent  locomotive 
engineers  as  Messrs.  du  Bousquet,  de  Glehn, 
Mallet,  Gorlsdorff,  von  Borries,  Webb, 
Worsdell,  Vauclain,  and  now  Mr.  Johnson,  all 
testing  the  compound  system  as  appHed  to 
locomotives,  some  definite  results  must  surely 
be  reached  at  no  very  distant  date.  The  point 
is  a  vital  one  in  locomotive  practice,  and  it 
should  be  settled  definitely  whether  or  not 
compound  locomotives  are  advantageous  on  the 
score  of  economy  and  efficiency  as  compared 
with  non-compound  engines.  If  so,  it  remains 
to  be  proved  which  method  is  preferable— the 
two-cylinder,  three-cylinder,  or  four-cylinder 
and  of  the  several  variants  of  these,  which  is  the 


best.  Experiments  have  been  going  on  for  ver}- 
nearly  twenty  years  in  this  country  alone,  and 
it  is  surely  time  that  the  question  was  solved 
decisively  once  and  for  all,  as  it  has  been  in  the 
case  of  steamships. 

A    large    number    of    M.     du 

Another  New     Bousquet's   new    express    tank- 

En^ne.         engines  for  fast  suburban  traffic 

are  now  at  workon  the  Cheminde 
Fer  du  Nord,  and  are  doing  extremely  well.  They 
run  on  twelve  wheels,  the  two  middle  pairs  being 
coupled  to  have  both  leading  and  trailing  four- 
wheel  bogies.  Their  boilers  are  unusually  high- 
pitched  for  tank  engines.  They  have  5  ft.  5  in. 
coupled  wheels,  outside  cylinders  17  in.  by 
23^  in.,  and  1,395  square  feet  of  heating  surface. 
The  type  is  a  remarkably  good  and  efficient  one 
for  that  class  of  service. 

Some  large  express  engines  of 
"Atlantic "type  the  "  Atlantic "  type  and  on  M. 

Ensrlnefop        ,      r>i  i_    >     r  i-    j 

Orleans  RaUway.  de  Glehn's  four-cylinder  com- 
pound principle,  have  been 
designed  by  M.  Solacroup,  the  eminent  chief 
mechanical  engineer  of  the  Paris- Orleans 
Railway,  for  the  heavy  express  service  of  that 
line,  and  are  now  in  course  of  construction.  It 
is  understood  that  they  will  be  very  similar  to 
those  referred  to  above  in  the  case  of  the 
Chemin  de  Fer  du  Nord. 
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In  the  preceding  Article  the  author  discussed  separately  the  various  conditions  necessary  to  secure 

a  maximum  of  efficiency  in  stamping  mills.     The  present  Article  deals  more  particularly  with 

amalgamating,  and  institutes  an  interesting  comparison  between  the  respective  methods. 


II. 


AMALOAMATION. 

/^  OLD  ores  have  been  generally  divided  in 
^^  a  vague  sort  of  way  into  two  classes, 
termed  free  milling  and  refractory  ores  respec- 
tively. That  is  to  say,  when  a  fair  proportion 
of  the  value  contained  in  any  auriferous  material 
can  be  readily  amalgamated  with  quicksilver,  it 
is  termed  a  free  milling  ore.  At  one  time  it 
was  considered  that  gold  which  could  not  be 
recovered  in  this  way  was  in  chemical  combina- 
tion with  other  elements,  such  as  sulphur. 
Nowadays  it  is  generally  admitted  that,  with 
the  exception  of  tellurides  of  gold,  practically 
all  known  ores  contain  their  gold  in  a  free  or 
uncombined  state,  and  that  amalgamation 
difficulties  are  due  to  one  or  the  other  of  the 
following  causes  :^- 

1.  The  sickening  of  the  quicksilver  by  certain 
mineral  constituents  present  in  the  gangue, 
antimony  sulphide  being  the  most  troublesome 
in  this  respect,  although  good  work  is  done  in 
Australia  on  ores  containing  up  to  i  per  cent,  of 
this  mineral. 

2.  The  gold  existing  as  a  fine  deposit  upon 
and  in  the  crystals  of  iron  pyrites,  so  that  it 
cannot  be  retained  by  the  quicksilver,  but  is 
carried  away  with  the  particles  of  pyrites. 

3.  The  particles  of  gold  being  so  fine  that 
they  remain  mixed  with  the  pulp,  and  do  not 
come  in  contact  with  the  quicksilver. 

In  the  first  case,  only  a  part  of  the  gold  can 
be  ciught  by  prolonged  pounding  in  the  mortar 


box,  or  by  some  equivalent  method,  and  this  is 
accompanied  by  a  large  loss  of  quicksilver  and 
amalgam.  In  the  second  case,  amalgamation 
in  grinding  pans  is  effective,  but  not  economical, 
owing  to  the  large  cost  for  power  and  the  loss 
of  mercury,  which  latter  is  not  so  great,  how- 
ever, as  in  the  first  case.  In  the  third  case, 
amalgamation  is  quite  unsuitable,  and  in  modem 
practice  no  attempt  is  made  in  the  last  two  cases 
to  catch  the  gold  in  the  mill,  because,  as  already 
mentioned,  more  successful  methods  are  now 
available,  and  experience  has  shown  that  the 
percentage  of  gold  recoverable  from  any  ore  by 
the  best  amalgamation  methods  depends  almost 
entirely  upon  the  relative  amounts  of  coarse  and 
fine  gold  present,  and  upon  the  physical  con- 
ditions above  mentioned. 

Any  comparisons,  therefore,  made  upon  the 
basis  of  percentage  extraction,  between  one 
man's  work  and  that  of  another,  or  between  one 
method  and  another,  may  be  utterly  misleading, 
unless  the  same  kind  of  material  is  being  deal: 
with  in  both  cases.  Thus,  for  instance,  on  the 
Bendigo  goldfields,  where  the  treatment  process 
consists  almost  universally  of  crushing  and 
amalgamating,  followed  only  by  concentration 
on  large  canvas  tables,  the  tailings  from  this 
simple  treatment  average  about  i^  dwts.  to  the 
ton  over  the  whole  district,  the  maximum 
value  for  any  large  quantity  being  about 
2  dwts.  According  to  the  official  returns  the 
average   recovery  on  over  2,000,000  tons  was 
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8  dwts.  of  bullion,  equal  probably  to  7^  dvvts.  of 
fine  gold.  On  the  Rand  goldfields,  at  the  time 
when  only  amalgamation  and  concentration 
were  used  for  gold  recovery,  the  tailings  from 
ore  of  a  similar  grade  would  average  at  least 
2^  dwts.  per  ton,  but  it  would  certainly  be 
absurd  to  infer  from  this  difference  of  results 
that  the  Rand  millmen  at  that  time  were  inferior 
to  their  brethren  in  Bendigo. 

The  next  example  illustrates  the  fact  that  with 
a  given  ore,  the  percentage  of  recovery  by 
amalgamation  is  independent  of  the  value.  In 
Gippsland,  Victoria,  in  a  mill  catching  i  oz.  of 
gold  per  ton  the  tailings  contained  2  dwts.  In 
another  mill,  working  ore  from  the  same  line  of 
reef,  the  recovery  was  2  ozs.,  and  the  loss  in  the 
tailings  was  4  dwts.,  so  that  the  percentage  was 
the  same  in  both  cases. 

It  must  not  be  supposed  that  the  moral  of  all 
this  is  that  skill  and  care  are  unnecessary  in  the 
amalgamation  process;  on  the  contrary,  they  are 
essential  to  success.  But  it  is  necessary  to  get 
rid  of  the  idea,  so  prevalent  in  some  parts  of  the 
world,  that  a  loss  of  gold  in  tailings  is  a  certain 
proof  that  the  battery  work  is  inefficient  If 
this  were  merely  a  personal  matter  between 
mine  owners  and  employes  it  would  not  be 
necessary  to  elaborate  the  point  in  a  technical 
consideration  of  the  subject ;  but  it  is  a  matter 
which  in  some  cases  causes  the  total  loss  of  gold 
which  might  be  recovered  by  other  means.  In 
fact,  where  this  opinion  I  prevails,  the  millman 
who  (from  his  point  of  view)  is  cursed  with  rich 
tailings  dare  not  face  the  fact  and  recommend 
the  application  of  cyanide  or  other  additional 
treatment ;  but  he  endeavours  by  any  means 
possible  to  make  it  appear  that  his  tailings  are 
poor.  One  instance  will  forcibly  illustrate  the 
tact  that  this  feeling  does  really  exist.  On 
one  occasion  a  sampler  was  sent  to  take  samples 
of  tailings  pulp  below  the  canvas  tables  of  a 
certain  mill,  say  in  Australasia,  with  a  view  to 
purchasing  the  current  tailings.  The  manager 
who  represented  the  sellers  had  all  his  canvas 
tables  carefully  cleaned  up  before  the  samples 
were  taken,  so  that  they  should  be  working  at 
their  maximum  efficiency,  and  that  therefore, 
the  tailings  samples  should  be  as  poor  as  pos- 
sible. Naturally,  the  representative  of  the 
buyers  made  no  objection,  but  the  shareholders 
in  the  company  might  have  done  so  very 
reasonably. 


There  is  no  doubt  that  the  recognition  of  the 
natural  limitations  of  the  amalgamation  process 
is  not  only  necessary  for  the  determination  of 
the  best  treatment  of  any  given  ore,  but  it  also 
conduces  to  the  proper  working  of  the  mill.  In 
Johannesburg  it  cleared  the  way  for  the  im- 
provements which  have  so  largely  increased 
the  output  of  the  mills,  without  decreasing  their 
efficiency  in  catching  gold. 

THK    USE   OP    MKRCURY. 

The  whole  process  depends  on  the  one 
fundamental  fact  that  clean  gold  readily  amal- 
gamates with  clean  mercury  when  the  two  are 
brought  into  actual  contact.  It  is  not  siu-prising, 
therefore,  that  many  attempts  have  been  made 
to  achieve  this  result  by  means  of  baffle  plates, 
riffles,  shaking  tables,  and  the  like,  the  leading 
idea  in  all  such  apparatus  being  to  disturb  the 
flow  of  pulp  as  much  as  possible,  and  to  pro- 
duce currents  and  eddies  which  should  dash 
the  particles  of  gold  against  amalgamated  sur- 
faces. Probably,  every  beginner  in  the  art  has 
been  the  proud  possessor  of  some  such  idea  at 
one  time  or  another ;  and  only  those  are  truly ' 
happy  who  have  not  jpent  their  own  money  in 
demonstrating  its  inutility  in  practical  work. 

The  other  point  of  view  is  to  disturb  the  pulp 
as  little  as  possible,  and  to  allow  it  to  flow  so 
evenly  and  steadily  that  each  particle  of  gold 
can  gradually  settle  down  through  the  pulp  till 
it  finally  comes  naturally  and  quietly  into  con- 
tact with  the  amalgamated  plate  beneath  it,  and 
is  thereby  caught.  Of  course,  as  the  pulp  is 
delivered  from  the  mortar  box  in  the  form  of  a 
series  of  splashes  superimposed  upon  a  regular 
flow  of  water,  an  absolutely  even  flow  cannot 
be  expected,  but,  at  all  events,  by  avoiding  arti- 
ficial means  for  disturbing  the  flow,  better 
results  can  be  obtained  than  otherwise.  The 
credit  of  introducing  on  the  Rand  the  long  un- 
broken surfaces  of  amalgamated  plate  instead 
of  several  short  lengths  with  drops  or  riffles 
between  them  is  due  to  the  well-known  mining 
engineer,  Hennen  Jennings,  who  demonstrated 
the  advantage  of  the  unbroken  surface  by  means 
of  simultaneous  experiments  on  the  two  systems. 
The  usual  arrangement  now  is  a  lip  plate,  which 
projects  a  few  inches  immediately  below  the 
screen  frame,  and  delivers  the  pulp  on  to  a 
splash  plate,  which  is  inclined  downwards 
towards  the  screen,  and  projects  under  the  lip 
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plate.  From  the  splash  plate  the  pulp  is  de- 
livered to  the  head  of  the  table,  and  thence 
flows  uninterruptedly  along  until  it  reaches  the 
mercury  well  at  the  foot  of  the  table. 

THK  FUNCTION  OP  COPPER   PLATB8. 

It  is  obvious  that  if  the  particles  were  brought 
into  contact  with  the  clean  surface  of  a  pool  of 
liquid  quicksilver  they  would  be  amalgamated, 
but  the  amalgam,  being  heavier  than  the  mer- 
cury, would  fall  to  the  bottom,  and  a  surface  of 
mercury  only  would  be  available  for  catching 
more  golcf,  while  experience  has  shown  that  a 
surface  of  gold  amalgam  keeps  cleaner  and  in 
better  condition  than  the  quicksilver  alone. 
Therefore,  by  using  a  mercury  film  on  a  metal 
plate,  the  surface  soon  becomes  covered  with  a 
layer  of  gold  amalgam.  There  are  other  self- 
evident  objections  to  the  use  of  liquid  mercury 
—its  cost,  owing  to  the  quantity  required  to 
form  a  large  continuous  surface,  the  loss  by 
attrition  caused  by  particles  of  ore,  and  the 
impossibility  of  having  an  inclined  surface.  It 
is  only  necessary  to  mention  these  well-known 
facts,  because  they  point  to  the  true  functions 
of  the  copper  plate — nafcely,  that  it  allows  of 
the  formation  of  an  extended  surface  with  a 
small  quantity  of  quicksilver,  that  it  holds  the 
latter  in  place  and  keeps  the  amalgam  on  the 
surface,  where  it  is  required  to  catch  more  gold. 
In  fact,  it  has  the  same  duty  as  the  glass  in  a 
photographic  plate  ;  it  serves  as  a  support  for 
the  active  film  upon  it. 

A  man  standing  on  the  bank  of  a  river  holding 
on  to  a  tree  with  one  hand  and  reaching  out 
with  the  other  for  floating  sticks  illustrates  the 
position  of  the  quicksilver.  So  long  as  both 
hands  perform  their  function  the  work  is  satis- 
factory ;  if  either  fails,  then  either  the  sticks  are 
lost  or  sticks  and  man  together.  Just  in  the 
same  way  the  quicksilver  is  required  to  seize 
the  particles  of  gold  and  to  hold  on  to  the  plate 
at  the  same  time.  The  one  thing  necessary 
to  enable  it  to  do  both  satisfactorily  is  cleanli- 
ness. 

In  the  first  place,  the  copper  plate  must  be 
absolutely  clean  before  being  amalgamated,  so 
that  the  film  of  quicksilver  shall  cover  the  whole 
,  of  its  surface.  This  cleaning  is  usually  done  by 
•<u)urui«  with  sand,  and  afterwards  with  wood 
ishcs,  or  with  caustic  alkalies,  to  get  rid  of  the 
two  most  potent  enemies  of  the  quicksilver- 


namely,  grease  and  films  of  oxide  on  the  metal. 
Perhaps  the  lateist  method  of  amalgamating  the 
plate  after  it  has  been  cleaned  is  to  rub  it  over 
with  a  solution  of  potassium  cyanide  in  which 
quicksilver  has  been  dissolved.  As  it  is  rubbed 
with  this  solution  its  surface  becomes  gradually 
whitened  by  a  very  thin  deposit  of  the  mercury, 
after  which  either  mercury  or  amalgam  of  gold 
or  silver  will  adhere  to  the  surface  when  rubbed 
•  on.  But  this  is  only  the  first  stage  of  prepara- 
tion, for  as  soon  as  the  plate  is  in  use,  the 
soluble  sulphates  and  other  bodies  in  the  ore 
form  coloured  patches,  generally  greenish,  on 
the  copper,  and  these  patches  will  not  retain 
the  film  of  quicksilver.  This  is  the  first  matter 
that  needs  the  attention  of  the  amalgamator, 
who  must  constantly  clean  ofif  these  greenish 
films  and  rub  in  amalgam  until  the  whole  plate 
gets  into  good  condition.  It  is  often  assumed 
that  this  improvement  is  entirely  due  to  the 
gradual  increase  of  gold  amalgam  on  the  surface, 
and  this  is  no  doubt  true  to  a  large  extent,  as 
evidenced  by  the  fact  that  when  crushing  rich 
ore  the  plates  get  into  order  more  quickly  than 
with  poor  stuff.  But  it  is  also  probable  that  in 
the  first  place  only  the  very  outer  surface  of  the 
copper  becomes  coated  with  quicksilver,  and 
that  the  coloured  films,  caused  by  oxidation  or 
other  similar  action,  begin  in  the  pores  of  the 
metal  and  gradually  extend  under  the  mercury, 
which  can  then  no  longer  hold  on  to  the  plate. 
As  the  amalgamation  of  the  copper  penetrates 
into  the  thickness  of  the  plate  and  the  surface 
pores  at  least  are  amalgamated,  it  becomes  in- 
creasingly difficult  for  the  battery  water  to  come 
into  actual  contact  with  metallic  copper,  and 
consequently  no  objectionable  films  can  be 
formed.  With  care  and  patience  new  plates 
can  be  got  into  good  condition  in  a  couple  of 
weeks.  If  might  be  well  asked  whether  any 
great  improvements  have  been  made  in  recent 
years,  or  indeed  whether  any  advance  is 
necessary  or  possible  in  conducting  operations 
so  simple  as  those  just  described.  The  chief 
gain  during  the  last  few  years  has  been  the 
application  of  plain  common  sense  to  the  art  of 
amalgamation  and  the  consequent  disappear- 
ance of  the  professional  "  plate-setter,"  who 
like  a  Kafiir  witch-finder  was  surrounded  by  a 
halo  of  mystery,  and  was  supposed  to  carry  a 
heavy  burden  of  carefully  concealed  special 
knowledge,  enabling  him,  by  proper  nostrums, 
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possibly  mixed  with  spells  and  incantations,  to 
induce  the  plates  to  perform  their  office. 

8ILVBR-PLATKD    COP    BR. 

The  use  of  electro-silvered  copper  plates  for 
batteries  has  been  strongly  advocated  by  some 
authorities  and  as  strongly  condemned  by 
others.  As  usual  in  such  cases  the  truth  seems 
to  be  situated  in  the  equatorial  regions  half-way 
between  the  two  opposite  poles  of  personal 
opinion.  It  is  a  reasonable  supposition,  in 
consequence  of  the  wide  range  of  variations  in 
the  constituents  of  ores,  that  the  battery  water 
in  some  instances  may  tarnish  copper  more 
readily  than  silver,  and  that  in  other  cases  it 
may  have  exactly  the  opposite  effect. 

This  is  at  all  events  a  possible  explanation  of 
some  of  the  differences  of  opinion  which  exist 
on  this  matter.  The  silvered  plate  certainly  has 
the  advantage  that  it  can  be  more  easily  coated 
with  the  mercury  in  the  first  place,  and  that 
when  this  operation  has  been  performed,  the 
whole  surface  is  then  covered  with  silver  amal- 
gam, which  is  less  easily  tarnished  than  a  plain 
mercury  surface.  Therefore  it  may  safely  be 
said  that  generally  in  places  where  inferior 
labour  has  to  be  employed,  the  use  of  electro- 
silvered  plates  will  prevent  loss  of  gold  during 
the  first  few  weeks  of  the  operations,  and  that 
only  in  some  cases,  as  suggested  above,  could 
they  possibly  do  any  harm.  But  when  the 
plate  is  well  amalgamated  all  over,  when  after 
a  few  months*  work  this  amalgamation  has 
penetrated  into  the  plate  and  a  quantity  of  gold 
amalgam  has  been  retained  upon  it,  and  when 
much  of  the  silver  must  have  been  removed 
with  the  gold  in  the  periodical  cleaning  up, 
it  is  scarcely  reasonable  to  suppose  that  the 
original  plating  can  have  any  beneficial  effect. 

The  latest  advocate  for  silver-plated  copper, 
Mr.  Edward  Halse,  makes  out  an  excellent  case 
for  it  by  showing  that  at  a  mine  in  Columbia 
a  considerably  larger  percentage  of  gold  was 
caught  on  the  plates,  and  a  correspondingly 
smaller  percentage  on  the  blankets  when  silvered 
plates  were  substituted  for  plain  coppier  ones,* 
and  that  this  increase  was  a  permanent  one. 
But  he  then  says  "  it  should  be  mentioned  here 
that  much  more  mercury  was  used  with  the 
plain  copper  than  with  the  silvered  plates,  which 
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accounts  for  a  good  deal  of  the  amalgam  found 
in  the  mercury  traps  and  on  the  blankets  in  the 
former."  Now  this  appears  to  be  the  most  im- 
portant sentence  in  the  whole  paper,  for  as  the 
remaining  conditions  were  fairly  constant,  then 
if  the  right  quantity  of  mercury  was  used  with 
the  silvered  plate  it  follows  that  an  excessive 
amount  must  have  been  used  previously  with 
the  plain  copper,  with  the  natural  result 
indicated.  In  fact  this  one  sentence  explains 
the  whole  of  the  results  in  such  a  simple  and 
convincing  manner,  that  the  case  for  the  silvered 
plates  so  ably  advanced  seems  to  be  thereby  put 
out  of  court.  It  is  quite  in  accordance  with 
experience  that  excess  of  mercury  will  carry 
amalgam  off  the  plates  on  to  the  blankets  below 
them,  while  it  is  hard  to  understand  how  a 
single  addition  of  one  ounce  of  silver  per  square 
foot  of  plate  can  have  a  greater  permanent  effect 
than  the  many  ounces  of  gold  caught  from  time 
•to  time  during  the  continued  working  of  either 
kind  of  plate. 

Mr.  G.  E.  Collings,  on  the  same  occasion, 
gave  results  of  two  sets  of  comparative  tests 
which  showed  a  greater  return  in  amalgam  in 
each  case  from  silvered  copper  than  from  plain 
copper,  but  the  yield  in  melted  gold  was  in  one 
set  greater  and  in  the  other  set  less  from  the 
silvered  plates.  In  other  experiments  between 
new  and  old  silvered  plates  the  results  were 
equal.  So  the  conclusion  from  the  evidence 
seems  to  be  that  while  silver-plating  may  be  of 
advantage  at  first,  it  makes  no  practical  difference 
after  a  few  months'  operations. 

IN8IDK  AMALQAMATION. 

This  is  another  question  upon  which  widely 
different  views  are  held,  principally  because 
each  man  favours  the  practice  which  gives  the 
best  result  with  the  kind  of  ore  with  which  he 
is  most  familiar.  When  the  gold  is  nuggety  in 
character  it  is  sure  to  stay  in  the  boxes,  whether 
mercury  be  added  or  not,  but  the  addition  of 
the  mercury  rather  facilitates  the  collection  of 
the  gold  when  the  mortar  boxes  are  cleaned 
out,  and  it  is  therefore  generally  used  with  very 
coarse  gold  .and  sometimes  inside  plates  arc 
used. 

When  the  gold  is  fine  enough  to  pass  the 
screens  as  quickly  as  it  is  liberated  from  the 
gangue  it  is  a  matter  of  less  importance  as  to 
whether    inside    plates    are    used.    The  main 
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argument  in  favour  of  them  is  that  it  is  wise  to 
catch  the  gold  as  soon  as  possible,  and  that  back 
and  front  plates  receive  nearly  all  that  part  of 
the  splash  which  does  not  strike  the  screen,  so 
that  every  particle  of  gold  is  amalgamated  at  the 
earliest  possible  opportunity.  There  is  one 
necessary  precaution  which  is  not  lost  sight  of 
at  the  present  day,  namely,  that  the  mercury 
necessary  for  the  inside  plates  must  be  added  in 
very  small  quantities  at  frequent  intervals,  in 
order  that  the  outside  plates  shall  not  at  any 
time  receive  an  excess  from  the  mortar  boxes. 

With  very  fine  gold  in  clean  ores  good  work 
is  done  both  with  and  without  amalgamation  in 
the  mortar  boxes. 

QUANTITY    OP   QUICK8ILVKR. 

The  amount  of  quicksilver  which  must  be 
supplied  to  the  plates  either  directly  or  through 
the  boxes  depends  not  only  upon  the  quantity 
of  gold,  but  also  upon  the  size  of  the  particles 
which  have  to  be  caught.  The  amalgam  on 
the  plates  cannot  be  expected  to  carry  more 
gold  than  the  proportion  found  in  the  squeezed 
amalgam  as  prepared  for  retorting ;  in  fact,  it 
must  necessarily  carry  less.  This  squeezed 
amalgam  contains  about  25  per  cent,  of  gold 
when  very  fine,  and  up  to,  say,  70  per  cent,  in 
the  case  of  very  coarse  gold.  These  figures 
then  will  give  the  absolute  minimum  quantity 
of  mercury  which  must  be  added  per  ounce  of 
gold  caught  That  is  to  say,  with  the  ^finest 
gold  at  least  3  ozs.  of  quicksilver  should  be 
added  to  the  plates  for  each  ounce  of  gold 
caught  upon  them,  while  for  coarse  gold  one- 
sixth  of  this  would  be  the  minimum  quantity. 
Of  course,  in  practice  more  than  this  is  added, 
and  with  inside  plates  much  more,  because  part 
of  it  settles  down  and  collects  in  the  boxes. 
The  safest  guide  is  the  condition  of  the  plates. 
When  too  much  is  given  it  can  be  seen  trickling 
slowly  in  little  streams  along  the  plate,  and, 
although  most  of  this  excess  is  caught  in  the 
mercury  trap  at  the  foot  of  the  table,  some  of  it 
is  liable  to  be  floured  and  lost  And  loss  of 
quicksilver  from  the  plates  means  also  loss  of 
fine  gold.  If,  on  the  other  hand,  too  little  is 
given,  the  gold  amalgam  on  the  plates  becomes 
dry  and  friable,  and  is  liable  to  be  carried  away 
by  the  attrition  of  the  grains  of  sand.  Amalgam 
in  fit  condition  to  catch  gold  should  appear 
waist  and  granular^  but  not  wet.i 


WATKR    SUPPLY. 

The  water  used  in  the  battery  may  be 
considered  in  the  first  place  as  the  vehicle  by 
means  of  which  the  crushed  ore  is  transferred 
from  the  mortar  box  and  carried  over  the  plates  ; 
and,  secondly,  as  the  medium  through  which 
the  gold  can  settle  down  on  to  the  plates  while 
the  gangue  particles  having  less  specific  gravity 
are  carried  forward  by  the  current.  As  regards 
the  first  function,  the  quantity  required  will 
necessarily  vary  with  the  nature  of  the  ore,  but 
in  any  given  case  the  efifect  of  altering  the 
quantity  can  be  ascertained  by  a  series  of 
grading  tests  on  the  pulp  produced. 

The  following  example  of  such  tests  is  taken 
from  a  paper  read  by  Mr.  John  McConnell,  of 
New  Zealand,  before  the  Institution  of  Mining 
and  Metallurgy.  *  It  is  particularly  interesting 
as  showing  what  occurs  when  very  fine  screens 
and  very  limited  quantities  of  water  are  used, 
as  well  as  illustrating  the  method  of  testing. 

1.  Crushing  with  2  tons  of  water  per  ton  of 

ore  : — 

Sand    retained    on      6o-mesh  screen    3  p.c 
90-  „  21    „ 

„    passed  through   90-  „  76    „ 

2.  Crushing  with  4  tons  of  water  per  ton  of 
ore  : — 

Sand  retained  on  60-mesh  screen  13*5  p.c 

90-  „  205    „ 

„    passed  through  90-  „  66*o    „ 

As  these  tests  were  made  for  a  special  object, 
no  results  are  given  with  larger  quantities  of 
water,  but  they  show  that  the  increase  of  water 
from  2  tons  to  4  tons  reduces  the  amount  of  ver\- 
fine  stuff  by  10  per  ceht  The  next  example 
shows  the  result  of  crushing  Rand  ore  with 
about  9  tons  of  water  per  ton  of  ore.  As  the 
material  is  different  and  the  battery  screen  was 
coarser,  it  cannot  be  rigidly  compared  with  the 
figures  given  above.  The  test  was  made  by 
Mr.  A.  F.  Crosse,  of  Johannesburg,!  and  may 
be  taken  as  typical  of  the  results  obtained 
there. 

Sand  retained  on  30-mesh  screen    6'25  p.c. 

.1  ♦.  60-  „  2930    „ 

M  .t  90-  M  30*00    „ 

120-  ,.  925    „ 

„     passed  through  lio-  „  25*30    „ 

•Vol.  VII.,  p.  2t,ftstq. 

t  Proceedings  of  Chemical  and  Metallurgical  Society  of  South  Africa. 
voUl.,  p.  325. 
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Returning  to  the  second  function  of  the 
water,  namely,  as  a  medium  for  the  settlement  of 
the  gold,  it  is  clear  that  the  slower  the  velocity 
of  the  stream  the  more  rapidly  can  the  settle- 
ment take  place ;  but,  on  the  other  hand,  a 
sufficient  state  of  flow  must  be  maintained  to 
just  carry  off  the  heaviest  particles  of  the 
gangue,  and  it  is  this  limiting  velocity  which  is 
aimed  at  in  practice.  The  required  velocity  is 
quite  a  separate  question  from  the  quantity  of 
water,  and  it  is  attained  by  the  inclination  given 
to  the  tables.  Thus,  with  a  gangue  of  clean 
quartz,  finely  crushed,  a  slope  of  i  in.  per 
loot  is  sufficient.  With  iron  pyrites  present, 
and  with  700-mesh  screens,  i^  in.  per  foot  is 
used  ;  and  with  ores  containing  heavy  minerals, 
such  as  galena,  2^  in.  per  foot  is  required.  In 
most  cases  a  few  particles  of  mineral  or  of  black 
sand  may  be  seen  clinging  to  the  surface  of 
the  amalgam.  Having  determined  the  velocity, 
the  quantity  of  water  supplied  must  then  be 
sufficient  to  keep  the  plates  well  covered ; 
and  where  the  quantity  passing  through  the 
boxes  is  not  enough  for  this  purpose,  it  is  usual 
to  provide  an  extra  supply  at  the  head  of  the 
plates  outside  the  boxes.  An  excess  of  water 
does  not  cause  a  proportional  increase  in  the 
rate  of  flow,  and  up  to  a  certain  point  the  settle- 
ment of  the  gold  is  probably  assisted  by  the 
dilution  of  the  pulp.  Up  to  the  present  time  the 
tendency  has  been  towards  liberality  in  water 
supply ;  but  it  is  possible  that  the  New  Zealand 
practice  of  crushing  with  limited  quantities  of 
cyanide  solution  may  be  followed  in  other 
countries  where  the  gold  is  in  a  similarly  fine 
condition. 

SAVING    WATER. 

There  are  many  places  where  the  quantity  of 
water  available  is  strictly  limited,  and  where 
every  care  has  consequently  to  be  taken  to  pre- 
serve it  for  use  over  and  over  again.  The 
statement  that  a  mill  requires  6J  gallons  per 
stamp  per  minute  does  not  look  very  large  ;  but 
when  the  total  quantity  used  in  a  year  is 
reckoned  up  and  compared  with  the  rainfall,  the 
result  is  somewhat  startling.  As  an  example, 
take  a  lOO-stamp  mill,  crushing  500  tons  of  ore 
with  4,500  tons  of  water  daily  ='144,000  cubic 
feet.  At  360  days  per  annum,  this  is  5 1,840,000 
cubic  feet,  which  is  equal  to  one  inch  of  rainfall 
over  223  square  miles  of  country. 

The  most  obvious  means  for  saving  water  is 


the  provision  of  settling  dams  of  large  capacity 
for  the  claVification  of  the  water,  these  being 
preferably  situated  below  the  mill,  so  that  clear 
water  only  has  to  be  passed  through  the  pumps. 

Settling  boxes,  with  pointed  or  flat  bottoms, 
and  also  small  settling  dams,  shovelled  empty  at 
intervals,  have  been  often  used  for  this  purppse 
with  some  success.  But  in  recent  years  on  the 
Rand  goldfields,  the  methods  primarily  designed 
for  the  precipitation  of  the  battery,  sands  and 
slimes  for  immediate  further  treatment  have  led 
to  the  development  of  an  excellent  system  of 
saving  and  clarifying  water,  so  that  it  can  at 
once  be  returned  to  the  mill.  Briefly  described, 
this  includes  first,  the  elimination  of  coarse  sand 
in  spitzlutten  ;  secondly,  the  separation  of  fine 
sand  in  overflow  tanks  ;  thirdly,  the  addition  of 
quicklime  ;  and  fourthly,  the  settlement  of  the 
slime  in  a  large  spitzkasten  so  completely  that 
the  water  is  at  once  fit  to  use  again.  At  the 
Matterhorn  Mine,  in  America,  a  similiar  system, 
on  a  small  scale  and  without  the  use  of  lime, 
was  successfully  employed,*  and  75  per  cent,  to 
80  per  cent,  of  the  battery  was  returned  for  re-use. 

The  following  sizes  are  found  suitable  for  the 
spitzkasten  with  Johannesburg  ore  when  lime 
is  used.  Width  055  foot  for  each  cubic  foot  of 
pulp  delivered  per  minute,  and  the  length  from 
two-thirds  to  three-quarters  of  the  width.  In 
order  to  avoid  an  excessive  depth  the  spitzkasten 
are  divided  into  a  number  of  divisions,  each 
being  about  5  ft.  square,  and  each  having  a 
separate  pointed  bottom  and  outlet.  At  the 
Matterhorn  Mine  above  mentioned,  a  spitzkasten, 
6  ft.  wide  and  10  ft.  long,  was  used  for  each  five 
stamps,  the  allowance  being  3*33  ft.  of  width  for 
each  cubit  foot  of  pulp  per  minute  ;  that  is,  six 
times  the  width  allowed  in  Johannesburg.  The 
difference  is  apparently  due  to  two  causes: 
First,  the  absence  of  lime  in  the  Matterhorn 
case,  and,  secondly,  the  extreme  fineness  of  the 
pulp,  as  evidenced  by  the  fact  that  79  per  cent, 
of  the  whole  product  passed  through  a  loo-mesh 
screen.  The  two  cases  may  be  taken  as  repre- 
senting the  extreme  hmits  of  practice  in  either 
direction  in  connection  with  the  settlement  of 
slime. 

MILLINQ    v.    AMALQAMATINa 

Having  now  considered  separately  the  most 
important  points  connected  with    milling  and 

•"Engineering  and  Mining  Journal,"  May  5lh,  190a  ByA.  W. 
Waru  ick. 
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amalgamation,  a  few  words  may  be  said  on  the 
question  raised  in  the  early  part  of  this  article  as 
to  whether  a  high  stamp  duty  necessarily  involves 
a  loss  of  gold  which  might  otherwise  be  caught 
on  the  plates.  Where  the  gold  is  coarse  it 
settles  so  readily  in  the  boxes  and  on  the 
plates  that  it  cannot  be  imagined  for  a  moment 
that  any  rate  of  crushing  practically  possible 
could  affect  the  percentage  recovered  by 
amalgamation.  So  far  as  the  plates  are  con- 
cerned, an  increase  of  output  must  result  in  one 
of  two  things — either  the  pulp  will  carry  more 
solid  matter  per  unit  of  volume  if  the  water 
supply  remains  constant,  or  there  will  be  a 
greater  depth  of  pulp  on  the  plates  if  the  water 
supply  is  increased.  In  either  case  it  is 
possible  to  suppose  that  a  limit  may  be  reached 
in  time  which  will  interfere  with  the  rapid 
settlement  of  very  fine  gold  on  the  surface  of 
the  plates  ;  but  up  to  the  highest  stamp  duty 
yet  attained  this  effect  is  likely  to  be  negligible. 
Owing  to  variations  in  ores  and  in  other 
conditions,  it  is  difficult  to  get  figures  which 
can  be  compared  with  strict  fairness,  but  the 
following  tables,  compiled  from  the  annual 
reports  of  the  two  Johannesburg  companies, 
bear  out  the  above  statement : — 


TABLE     III.— RETURNS    FROM    CROWN    REEF 
GOLD    MINING    COMPANY. 


Yeir. 

Tonnage. 

Tons  per 
stamp  per 
24  hours. 

1 

Percentage  of 

Ore  value 

recovered  in 

Mill. 

i         1895-6 

209,442 

5- 1 16 

52-901 

1        1806-7 

i        199,898 

4795 

50010 

;     1897-8 

.        185,179 

460:$ 

57-806 

'        189S.9 

202456 

4-938 

56420 

1901 

12,269 

5446 

TABLE  IV.— RETURNS  FROM  SIMMER 

AND  JACK 

PROPRIETARY 

MINES,  LTD 

K 

Tons  per 

Gold  caught  in 

Year. 

Tonnage. 

stamp  per 

Mill. 

24  hours. 

Dwts.  per  ton. 

1897 

1 

123.325 

4*37 

5-83 

„ 

35,740 

480 

025 

1898 

79,800 

447 

508 

»» 

103.440 

502 

6-13 

„ 

ii5,0(>o 

527 

635 

1             .» 

(      123,540 

538 

(^•57 

i8()(; 

1       129,430 

5-37 

673 

„ 

'       133  7»o 

547 

635 

12.S,6V) 

5-41 

5-61 

It  will  be  observed  that  neither  table  shows 
any  indication  of  loss  of  gold  as  a  consequence 
of  increased  stamp  duty. 

A  RECENT  RAND    MILL. 

The  mill  of  the  Lancaster  West  G.  M.  Com- 
pany commenced  crushing  only  a  few  months 
before  the  war,  and  will  serve  as  an  example  of 
the  very  latest  Johannesburg  practice.  The 
following  particulars  are  obtained  from  the 
company's  annual  report :  — 

The  ore  breakers  are  situated  at  the  back  of 
the  mill  below  the  ground  level,  so  that  the  ore 
can  be  conveniently  delivered  to  them  in  trucks 
from  bins  at  the  headgear.  The  broken  ore 
passes  into  bins  below  the  breakers,  and  thence 
is  carried  to  the  top  of  the  mill  by  a  Reedy 
elevator.  There  are  two  crushers  of  the  Blake- 
Marsden  type,  24  in.  by  14  in.  The  mill  is 
provided  with  exceptionally  large  ore  bins, 
their  capacity  being  equal  to  four  and  a  half 
days'  crushing.  There  are  forty  stamps,  weigh- 
ing 1,250  lbs.  each.  The  engine,  supplied  by 
the  Erste  Brunner  Maechinen  Fabrik,  is  a 
compound  tandem  with  high-pressure  cylinder 
of  i8|  in.  diameter,  low-pressure  cylinder,  30  in. 
diameter,  and  with  a  3  ft.  stroke.  It  is  estimated 
to  drive  100  stamps  if  necessary.  The  rock 
breakers  are  driven  by  a  similar  engine,  whose 
dimensions  are  15I  in.,  25!  in.,  and  31^  in., 
respectively.  Surface  condensers  are  used,  and 
water-tube  boilers  supply  the  steam. 

This  mill  started  towards  the  end  of  May, 
1899,  and  was  stopped  in  the  middle  of  October 
of  the  same  year,  on  account  of  the  then 
impending  war,'and  during  this  short  period  it 
crushed  31,730  tons  of  ore  in  1233  days,  actual 
running  time,  which  works  out  at  6*43  tons  per 
stamp  per  day. 

CO8T   OF    MILLINa 

A  great  deal  might  be  said  on  this  section  of 
the  subject,  but  the  following  miscellaneous 
collection  of  official  figures  will  sufficiently 
illustrate  the  great  variation  of  working  cost, 
caused  by.  local  conditions  to  some  extent,  but 
which  of  course  are  largely  due  to  the  scale 
upon  which  operations  are  conducted.  The 
examples  have  been  taken  almost  at  random 
from  the  enormous  amount  of  such  useful 
information  to  be  found  in  the  reports  of 
Chambers  of  Mines  and  Mining  Companies. 
Where  possible,  the  tonnage  crushed  is  inserted. 


Digitized  by 


Google 


Milling  and  Amalgamating. 


449 


as  well  as  the  cost,  together  with  other  infor- 
mation which  affects  the  cost : — 

1.  Guests  Gold  Mine,    Mt.    Morgan,  W.A. 
June,  1900: — 

Crushed  695  tons  for  343  ozs.  bullion. 
Cost  of  milling,  including  water  supply, 
148.  per  ton. 

2.  Lady  Loch,  W.A.    June,  1900: — 
Crushed  750  tons  for  602  ozs.  bullion. 
Cost  of  milling,  7s.  8d.  per  ton. 

3.  Hill  End,  W.A.    May,  1900  :— 
Crushed  770  tons  for  642  ozs.  bullion. 
Cost  of  milling,  9s.  4d.  per  ton. 

4.  Vale  of  Coolgardie.    June,  1900  : — 
Crushed  1,040  tons  for  601  ozs.  bullion. 
Per  stamp  per  24  hours,  3*6  tons. 
Cost  of  milling,  8s.  lod. 

5.  Norseman     Gold     Mines,    W.A.      June, 
1900: — 

Crushed  2,244  ^^^s  for  785  ozs.  bullion. 
Per  stamp  per  24  hours,  3*35  tons. 
Cost  of  milling,  6s.  3d. 

6.  Sons  of  Gwalia,  Leonora  district,    W.A. 
Average  of  nine  months  in  1900,  during  which 


tons  were  crushed  :- 

s.       d. 

Ore  transport 

0     io*68 

Milling         

5      o'2i 

Maintenance 

0      590 

General  charges 

0      823 

Total 


I '02 


7.  Wentworth  Mine,  New  South  Wales. 
Year  1898,  during  which  1,898  tons  were 
crushed  : — 


Labour 

s. 
0 

d. 
IO-2 

Fuel 

I 

1-6 

Stores 

0 

20 

Maintenance  ... 

I 

05 

Management  ... 

0 

37 

Total 

3 

6 

8.  Lancaster  West  Mine,  Johannesburg,  with 
mill  described  above  : — 


s.       d. 
Sorting,  tramming  and  breaking    i     2*19 
Milling 2     3*86 


Total 


3    6-05 


9.  Robinson  Mine,  Johannesburg,  December, 
1901  (during  the  war) :: — 

Crushed,  8,036  tons. 

Milling,  including  maintenance,  2S.  ii*i2d. 

Concentrating,  including  maintenance,  5*57d. 

10.  Crown  Reef  Mine,  Johannesburg,  1895  to 
1899:— 


Year       

Tons  crushed      

Engine-room  expenses     ... 
MlU-workinfl  cobt        .     ... 

Pumping  station 

Maintenance       

Assay  office 

Electric  Ught       

Totals      

..  '  1895-6.  i  1896-7. 
...'  309.442  1  199.898 

s.     d,         8.     d 
...    0  9-601  1  0  9*838 
..     0  7-283  1  0  8142 
..     0  4308     0  4552 
..     0  8710  1  0  8117 
..    0  0706  '  0  0780 
..     0  c  722  1  0  0714 

1897-8  1  1898-9. 
185,179  -  202.456 

s.     d.     :  s.    d. 
0  8*855  '  0  8*727 
0  8*285  1  0  6*617 
0  6*912  '  0  5*988 

0  9*562  !  0  10*646 
0  0*952  i  0  0  931 
0  0*720    0  0*894 

..   2  T3y>    2  8130 

2 11*288   3  9*806 

The  uniformity  during  so  many  years  of  the 
total  costs  in  this  last  example,  and  also  of  the 
individual  items,  may  be  noted  as  an  indication 
of  the  perfect  control  which  can  be  maintained 
over  an  enormous  expenditure  by  means  of  the 
detailed  accotints  and  systematic  analyses  of 
costs  which  are  characteristic  of  Rand  mining. 
Owing  to  the  exceptionally  complete  technical 
information  published  by  the  management  of 
this  company  the  analysis  of  the  costs  for  1898-9 
can  also  be  given  in  the  following  way  : — 

s.        d. 

European  wages     o    8*914 

Kaffin  wages,  including  food    o    21 10 
Materials  and  tools...  ..     011-280 

Fuel o    7-356 

Lighting       o    0894 

Workshops o    3*252 


Total,  as  above 


9806 


Considering  the  high  cost  of  all  white  labour 
and  of  materials  in  Johannesburg,  and  that  the 
Kaffir  labour  has  very  little  effect  on  the  cost  of 
the  mill  work,  the  above  figures,  which  are 
fairly  representative  of  the  whole  district,  show 
how  cheaply  the  work  can  be  carried  on  under 
the  beneficent  combination  of  large  tonnage 
and  efficient  management. 
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ri3TTER5    rOR   THE    MONTH. 


A   LATHE    FOR     4.INCH     BAR    WORK. 

ANEW  lathe  has  been  designed  by  Clark's 
Engineering  and  Machine  Tool  Company, 
Ltd.,  of  Luton,  for  exceptionally  heavy  bar 
work.  The  hollow  spindle  is  bored  out  to  4i  in. 
diameter,  and  the  lathe  is  capable  of  reducing  a 
4-in.  bar  to  i^  in.  diameter  at  one  cut.  One  of 
similar  design  is  made  for  3-in.  bars,  and  the 
firm  is  about  to  bring  out  one  for  dealing  with 
6  in.  stock.  Lathes  of  such  capacity  and  power 
as  these  render  much  bar  work  less  costly  than 
machined  forgings. 

The  general  build  of  the  lathe  is  English, 
modified  by  the  hollow  spindle  and  the  un- 
usually massive  proportions.  Besides  heavy 
bar  work  it  will  do  all  that  an  ordinary  sliding, 
surfacing,  and  screw  cutting  lathe  is  capable 
of  performing.  It  is  driven  by  a  4-in.  belt, 
and  is  back  geared,  the  gears  being  encased. 
The  back  shaft  has  three  changes  of  speed  for 
sHding  and  surfacing  by  differential  gears,  which 
are  put  into  operation  by  a  lever  in  front, 
below  the  headstock,  and  without  stopping  the 
machine.  The  common  English  type  of  saddle 
is  employed,  but  it  has  two  rests.  The  one  in 
front  carries  four  tools,  and  can  be  revolved  to 
bring  either  tool  into  operation,  and  a  stop  is 
fitted  for  tiansverse  adjustment.  The  other 
rest  at  the  back  of  the  cross  slide  carries 
cutiing-off  or  forming  tools.  This  can  be 
removed,  and  a  screwing  die  head  put  in  its 
place  for  screwing  tlie  ends  of  pins,  etc.,  up  to 
j}.  in.  duimeter. 

The  headstock  caps  are  set  at  an  angle  with 
ihc  base,  so  reducing  the  strain  on  the  studs, 
and  impi  jvir.gthe  adju^:ment  sideways,  instead 


of  up  and  down  only.  A  hinged  bar  support  is 
seen  at  the  rear,  and  a  cupboard  for  tools  under 
the  head.  Ordinary  forged  tools  are  used.  The 
lead  screw  is  protected  by  a  long  cap  ;  a  waste 
oil  tray  lies  below  the  bed  ;  the  ribs  of  the 
loose  poppet  are  cut  away  to  clear  the  handle 
of  the  slide  rest,  and  the  change  gears  are 
massive,  harmonising  thus  with  the  general 
design.  Such  a  lathe  as  this  should  be  an  acqui- 
sition in  those  shops  where  there  is  not  a  suffi- 
cient volume  of  work  for  automatics  or  heavy 
turret  lathes. 

HIQH    SPCED    TOOL    STEKL8. 

Unusual  rivalry  is  being  manifested  in  the 
production  of  high  speed  tool  steels,  following 
the  Taylor- White,  shown  in  operation  at  Vin- 
cennes  in  1900,  and  several  firms  now  offer  such 
steels.  A  Manchester  committee  has  made 
arrangements  for  the  testing  of  samples  of  these, 
offered  by  eight  local  firms.  Sir  W.  G.  Arm- 
strong, Whitworth,  and  Co.  have  brought  out  a 
steel  of  their  own  brand  which  they  claim  has 
beaten  the  Taylor- White  by  25  per  cent  in 
cutting  speed,  though  the  cutting  was  continued 
for  more  than  twice  the  length  of  time.  A 
tool  has  been  run  for  forty-five  minutes  at 
150  ft.  per  minute,  with  a  iV  in.  cut,  and  -i\  in. 
traverse.  A  Sheffield  firm  has  an  air- 
hardened  steel  which  has  tooled  a  hard  cast 
steel  pump  plunger  at  80  ft  a  minute,  lasting 
for  forty  minutes  without  injury  to  the  tool,  in 
this  case  with  a  cut  of  i  and  iV  in.  feed.  Other 
severe  tests  have  been  given  in  which  the  tools 
have  retained  their  edges.  We  shall  hear  more 
of  these  high  speed  steels.    A  result  is  that  stin 
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lathes  have  to  be  manufactured  to  endure  the 
higher  stresses  imposed  by  such  severe  cutting. 

DRILLING  EXTRAORDINARY. 

The  great  interest  which  attaches  to  any 
reported  increase  in  the  amount  of  metal  re- 
moved in  a  given  time  by  cutting  tools,  illus- 
trates the  great  importance  of  this  subject  in 
competitive  production.  The  new  machines 
and  tools  give  an  enormous  output  compared 
with  the  older  ones.  But  the  difference  between 
some  of  the  modern  kinds  and  the  older  ones 
is  not  much  less  than  that  between  these  and 
hand  labour.  This  fact  has  received  illus- 
tration lately  in  two  directions,  the  work  of 
twist  drills,  and  in  the  high  speed  steels,  just 
instanced. 

The  Morse  table  of  speeds  for  drills  is 
generally  accepted  as  the  best  standard  for  the 
use  of  up-to-date  shops,  and  higher  than  the 
practice  of  the  older  shops.  But  the  Bickford 
Drill  and  Topi  Company  have  recently  been 
exceeding  these  performances,  employing  feeds 
so  coarse  that  the  marvel  seems  that  the  drills 
have  not  been  broken.  The  firm  has,  in  several 
experiments,  tested  the  drills  to  destruction; 
but  in  some  instances  the  experiments  were 
stopped  by  the  slipping  of  the  belt.  The 
Morse  table  recommends  for  :J-in.  drills  a  feed 
of  -005  in.  per  revolution  ;  for  a  ^  in.  drill  -007  in. 
per  revolution.  The  Bickford  practice  gives  a 
feed  of  '025  in.  for  drills  from  J  to  i^-in.  For 
|-in.  drills  the  Morse  feed  is  -oio  in.  per  revolu- 
tion ;  the  Bickford  feed  for  ^-in.  to  i-in.  drills 
is  035  in.  per  revolution,  and  these  differences 
are  paralleled  in  other  sizes. 

Tests  made  to  destruction,  on  a  :J-in.  drill,, 
drilling  in  cast  iron,  showed  that  a  rate  of  feed  of 
047  per  revolution  was  required  to  break  the 
drill,  and  one  of  -064  on  a  iVin.  drill.  A  i-in. 
drill  could  not  be  broken  with  a  feed  of  '064  in. 
per  revolution,  at  267  revolutions  per  minute.  In 
one  case  a  i  J-in.  drill  working  in  machinery  steel 
did  not  break  until  the  feed  was  increased  to 
I  in.  per  revolution.  A  feed  on  a  lA-in.  drill, 
also  in  steel,  gave  a  chip  measuring  /o  in.  in 
thickness,  at  which  the  machine  was  pulled  up. 
The  drills  used  were  ordinary  commercial 
ones,  and  the  Bickford  Company  attribute  these 
results  to  the  form  of  the  arm  of  the  machine, 
which  is  tubular,  and  therefore  well  designed 
to  resist  torsional  stress. 


This  machine  was  one  which  was  introduced 
last  year.  It  is  noteworthy,  because  cone  pulleys 
are  abandoned  and  a  nest  of  gears  substituted  for 
effecting  changes  in  speeds.  One  of  the  advan- 
tages of  this  design  is,  that  such  a  machine 
can  be  driven  electrically  with  a  constant  speed 
motor,  which  is  preferred  by  many  to  the 
variable  speed  type.  Another  is,  that  when 
belt  driven,  the  belt  is  not  slowed  down  for 
heavy  cutting,  as  is  the  case  when  cone  pulleys 
are  used.  Then  there  is  the  rapidity  with 
which  changes  can  be  effected.  Sixteen  spindle 
speeds  are  obtainable  with  the  gear  box,  and 
back  gears,  arranged  in  geometrical  progression 
from  16  to  256  revolutions  per  minute.  These 
rapid  changes  and  feeds  enable  the  machine  to 
turn  out  a  large  quantity  of  wor^ju  A  sample 
of  this  is  an  iron  plate  i  in.  thick,  in  which  15 
holes,  ranging  from  ^  in.  to  3^  in.  were 
drilled  within  27  minutes,  which  included 
changing  of  15  drills,  and  speeds. 

INSKRTKD  VEES. 

A  curious  recent  American  patent  is  for 
inserted  vees  in  machine  slides.  The  vees  are 
of  steel,  and  the  idea  is  to  delay  their  wear 
for  an  indefinite  period.  They  are  hardened 
and  afterwards  ground  in  place.  The  project- 
ing vee  is  fitied  by  a  tongue  running  longi- 
tudinally, the  recessed  vee  fits  in  a  recess 
which  is  very  slightly  beyond  hemispherical  in 
shape.  The  vees  in  American  lathe  beds  are 
objectionable  from  the  point  of  view  of 
durability,  hence  the  desirability  of  using 
insertion  strips  of  hardened  steel. 

A    NEW    DISC    GRINDER. 

The  disc  grinders,  in  which  emery  cloth  is 
cemented  on  steel  discs,  have  come  into  favour 
very  rapidly  during  the  last  three  years.  Several 
are  now  manufactured  both  in  England  and 
America.  The  latest  design  is  that  of  Messrs. 
C.  W.  Burton,  Griffiths  and  Co.,  of  Ludgate 
Square,  London,  E.C.,  and  it  embodies  a  number 
of  excellent  practical  features,  making  it  a  very 
high-class,  fine  precision  machine.  The  two 
tables  are  carried  on  bars,  which  are  adjustable 
vertically  in  guides  in  which  they  are  clamped. 
Their  mass  is  exactly  counterbalanced  by  chains 
and  weights.  The  guides  have  long  bosses, 
which  embrace  a  3-in.  steel  shaft  that  passes 
through  the  base,  near  the  front,  and  plumb 


31  A 


Digitized  by 


Google 


452 


Page's  Magazine. 


beneath  the  locality  where  the  grinding  is  done. 
The  guides  have  a  transverse  movement  to  and 
fro  along  the  shaft,  fine  adjustment  being 
effected  by  a  hand  wheel  and  screw,  a  movable 
index  and  stop.  The  guides  also  swing  upon 
the  shaft,  so  that  work  can  be  surfaced  across 
the  wheels.  The  tables  are  each  pivoted  on  a 
stout  pin  for  vertical  angles.  They  are  locked 
square  by  a  Morse  taper  pin.  Horizonal  angles 
are  obtained  by  a  gauge,  set  by  a  scale  on  the 
edge  of  the  table  and  clamped.  Tee  slots  are 
provided  for  holding  work  down. 

The  spindle — if  in.  in  diameter — is  hardened 
and  ground,  and  runs  in  long  bearings  of  gun- 
metal,  with  a  self-oiling  ring.  The  emery  cloth 
is  cemented  pn  the  large  discs,  which  are 
of  annealed  steel  20  in.  in  diameter.  These  are 
attached  to  the  smaller  bosses  behind  them, 
which  are  shrunk  and  keyed  on  the  spindle 
ends.  The  discs  are  retained  in  place,  each 
with  a  collar  registered  into  the  boss,  and 
fastened  with  a  left-hand  screw  on  the  spindle 
end.  The  cloth  is  cemented  on  the  discs  in  a 
press,  which  is  fitted  at  the  back  of  the  machine, 
instead  of  using  a  separate  press  stand,  thus 
economising  space.  Ample  protection  is 
afforded  to  the  bearings  against  access  of  grit, 
and  the  details  of  the  machine  are  worked  out 
very  well. 

FOUNDRY    MATTKRS. 

A  new  brass  melting  furnace  has  been 
designed  by  Mr.  W.  Mayer,  of  Dumbarton,  and 
is  manufactured  by  Messrs.  Hardie  and  Gordon, 
of  Dumbarton.  It  belongs  to  the  air  furnace 
class,  but  possesses  several  original  features, 
one  being  the  form  in  plan,  which  is  tapered 
from  front  to  back,  with  an  arrangement  of 
regulating  shutters,  exceptionally  deep  fire 
bars,  and  a  deep  reservoir  or  well  for  the  molten 
metal.  The  firing  is  done  from  the  broad 
end  of  the  furnace.  Air  is  admitted  on  each 
side  of  the  firing  door,  through  sliding  shutters, 
an  air  pdrtway  is  formed  at  the  bottom  of  the 
fire  door,  and  another  just  above  the  fire  bars, 
suitably  proportioned  to  the  grate  area.  Through 
another  opening  below,  air  is  admitted  above 
the  fire  bars.  The  latter  are  of  great  depth—a 
foot  or  more— hanging  right  down  into  the  ash- 
pit. Air  in  passing  up  through  these  bars 
mixes  with  the  air  which  is  drawn  in  above  the 
bars,  and    produces  thorough  combustion  of 


the  gases.  The  bridge  is  high,  and  the  roof 
deeply  arched.  The  well  behind  the  bridge 
receives  the  molten  metal,  where  there  is  less 
heat  than  at  the  throat,  and  less  risk  of 
volatilization.  The  sight  hole  and  the  tap 
hole  and  spout  are  at  one  side,  or  tapping  may 
be  arranged  for  both  sides.  The  furnace  is 
built  generally  as  in  other  designs  with  cast 
iron  plates,  brick  lined,  and  one  end  is 
supported  on  rollers  to  permit  of  longitudinal 
expansion  by  heat.     It  is  portable. 

The  furnace  burns  hard  coal,  and  is  very 
economical,  mdting  i  cwt.  of  brass  with  an 
average  consumption  of  ^  cwt  of  coal.  Three 
and  a-half  hundredweights  is  worked  off  in  one 
heat,  and  six  or  more  heats  of  that  weight  can  be 
melted  in  a  day,  or  twelve  heats  or  more  with 
lesser  quantities.  The  average  loss  in  melting 
gun-metal  is  2  per  cent,  common  brass  3  per 
cent.,  yellow  brass  4  to  6  per  cent.  The  brass 
is  tapped  into  a  ladle,  as  in  the  case  of  iron 
running  from  a  cupola.  Iron  and  other  metals 
can  be  melted  in  small  quantities  in  the  furnace. 

CRANES. 

The  writer's  experience  in  the  crane  industry 
goes  back  to  the  period  when  the  application  of 
steam  power  was  still  a  novelty,  and  when  hand 
and  hydraulic  cranes,  chiefly  the  former,  were 
in  service.  The  applications  of  air  and  elec- 
tricity were  not  as  yet  entertained.  There  are 
many  cranes  yet  in  existence  which  date  very 
long  prior  to  that  period.  Some  of  these,  of 
uncertain  age,  are  timl)er  framed,  with  stones 
for  balance,  and  having  barrel  wheels  with 
spider-like  arms  and  narrow  teeth,  and  are  keyed 
on  square  shafts.  Some  of  these  are  still  doing 
occasional  work.  Many  are  of  the  well  type — 
that  is,  in  which  the  post  of  cast-iron  goes  down 
deeply  into  the  ground,  and  is  stepped  into  a 
casting  at  the  bottom  of  a  well  of  masonry. 
This  type  is  often  half  a  century  and  upwards 
old.  Such  cranes  are  still  working  within  a 
radius  of  a  few  miles  of  the  writer's  home.  The 
contrast  between  cranes  of  this  kind  and  the 
modern  types  is  sufficiently  startling  to  call  for 
some  observations  thereon. 

A  number  of  circumstances  have  combined 
to  bring  about  this  change.  It  is  not  only  that 
the  demand  for  labour-saving  devices  in  handling 
material  has  become  as  great  a  feature  in  modem 
industry  as  the  demand  for  increased  production 
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of  machine  tobls.  But  for  the  fact  that 
many  developments  have  greatly  favoured  the 
growth  of  big  and  highly  mobile  cranes,  we 
should  not  yet  have  seen  giants  capable  of 
lifting  a  couple  of  hundred  tons,  of  a  hundred 
feet  radius,  and  bridge  cranes  of  200  ft.  span 
and  more.  As  long  as  timber,  cast-iron,  hand, 
and  steam-power  were  the  principal  elements 
available,  growth  could  not  be  very  rapid. 
Massive  cranes  were  made  then,  but  they 
were  clumsy  and  slow.  Not  until  the  possi- 
bilities introduced  by  steel,  electricity,  and 
air  were  available,  could  cranes,  power- 
ful, light,  and  highly  mobile  be  pro- 
duced. The  subject  is  too  wide  to  be 
adequately  treated  here,  but  we  can  indicate 
some  of  the  reasons  why  progress  has  been 
possible.  In  massive  cranes  the  dead  weight 
of  the  members  composing  the  framfng  is  very 
great,  and  when  either  cast,  or  soHd-plated,  it 
increases  the  dead  load,  and  the  load  to  be 
moved.  The  small  dimensions  in  which  wrought 
iron  was  rolled  rendered  heavy  built-up  plating 
very  expensive.  We  say  wasy  because  wrought 
iron  is  now  practically  quite  out  of  the  running 
as  far  as  the  plated  work  of  cranes  is  concerned. 
But  the  large  dimensions  available  in  steel  plates 
have  enabled  the  crane  makers  to  build  the 
biggest  and  strongest  structures,  with  the  mini- 
mum of  dead  weight.  Instances  which  occur  to 
the  mind  are  the  Benrath  cranes  at  Bremerhaven, 
Brown  hoisting  machines,  the  Temperley  trans- 
porters, the  numerous  coaling  cranes,  and  the 
overhead  travellers. 

In  the  heavier  cranes,  the  electric  conductors 
have  done  away  with  much  dead  weight,  sub- 


stituting motors  and  controllers  for  boilers  and 
engines,  or  for  massive  water  cylinders  and 
chains.  The  dead  weight  of  crabs  and  trolleys 
is  lessened  thereby,  and  there  is  less  vibration  at 
high  speeds.  None  but  those  who  know  the 
herculean,  slow,  and  risky  tasks  involved  in 
hauling  and  lifting  loads  about  in  shops  which 
are  inadequately  supplied  with  power  cranes  can 
fully  appreciate  the  value  of  the  light  air  hoists 
now  becoming  common.  They  are  so  easily 
transported  and  handled,  and  so  rapid  in  action, 
that  in  those  shops  where  large  quantities  of 
comparatively  light  work  are  handled,  the  jib 
cranes  and  overhead  travellers  cannot  enter 
into  successful  rivalry  with  them.  They  have 
but  one,  the  electric  hoist,  which  also  is 
developing  in  the  hands  of  a  few  manufac- 
turers. 

Another  line  of  cranes  which  has  been  de- 
veloped largely  by  the  use  of  steel  and  electricity 
is  the  portal,  or  gantry  cranes,  for  dock  and 
wharf  service.  The  old  wharf  cranes  blocked 
the  roadway,  and  when  operated  by  water,  lines 
of  pipes  liable  to  freeze  often  gave  trouble 
The  portal  cranes  reach  clear  over  the  road, 
and  take  current  readily.  Their  framings  are 
braced  and  light,  lessening  weight  to  be  moved, 
and  their  jibs,  often  curved,  and  high  up, 
command  the  work  to  be  done  more  efficiently 
than  when  they  are  stepped  into  the  old  type 
of  portable  wharf  crane.  There  is  no  branch 
of  engineering,  not  even  machine  tool  con- 
struction, which  is  advancing  more  rapidly  than 
crane  manufacture  and  design,  and  none  which 
is  of  greater  interest  to  those  who  know  the 
practice  of  earlier  years. 
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LONDON,  20di  SepUmba,  19Q2. 

The  largest  vessel  ever  built 
The  Largest  Ship  was  launched  last  month   from 

Messrs.  Harland  and  WolfiTs 
Shipbuilding  Works,  Belfast,  for  the  White 
Star  Line.  This  new  vessel,  which  is  named 
the  Cedric,  is  700  ft.  long.  Her  beam  is  75  ft 
(7  ft.  more  than  the  Oceanic)  and  her  depth  is 
49^  ft.  She  is  about  21,000  tons  gross.  The 
displacement  at  her  load  draught  will  be 
37,870  tons.  The  Cedric  has  nine  decks.  She 
is  built  on  the  cellular  double-bottom  principle, 
and  is  divided  into  numerous  watertight  com- 
partments, so  that  a  maximum  of  security  is 
obtained  exceeding  all  official  requirements. 
The  Cedric's  engines,  which  are  of  the  Harland 
and  WolfiF  quadruple-expansion  balanced  type, 
will  drive  her  at  her  designed  speed  with  con- 
siderably less  consumption  of  coal  than  is 
required  for  a  vessel  of  extreme  speed.  The 
CedriCj  like  the  Celtic^  will  have  accommodation 
in  all  for  about  3,000  passengers,  besides 
quarters  for  a  crew  of  about  350.  The  newly- 
launched  ship  is  being  fitted  up  in  fine  style, 
and  we  may  have  more  to  say  about  her  here- 
after. 

It  is    now    reported    that    the 

TheCunapdUne  arrangement      by     which      the 
and  the  Combine.  ^  ,     r  •         .     x 

Cunard    Line  is  to   receive    a 

large  augmentation  of  the  Government  subsidy 
hitherto  paid  for  mail  carrying  is  practically 
complete,  and  that  it  is  a  condition  that  the 
line  shall  remain  ''  all  British."  It  is  said  that 
Mr.  Pierpont  Morgan  was  in  active  negotiation 
for  the  acquisition  of  this  line,  and  that  pourpar- 
lers to  this  end  had  been  carried  to  a  certain 
point,  when  an  obstacle  arose  in  the  attitude  of 
the  chairman.  Lord  Inverclyde,  who  "put  his 
foot  down  "  when  it  appeared  that  the  effect  of 
the  proposals  would  be  to  transfer  the  control 
of  the  line  to  America.  The  details  of  the 
Cunard  arrangement  are  not  known  up  to  the 
time  of  writing.  As  to  the  lines  at  present 
controlled  by  the  Morgan  Combine,  Liverpool 
is  to  be  the  chief  centre  in  this  country,  and 
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the  British  management  will  be  localised  there. 
Mr.  Wilding,  of  the  Leyland  Line,  is  to  be  the 
genera]  manager.  There  will  be  a  concentra- 
tion of  the  present  separate  ofifices  and  staffs, 
and  all  wUl  be  combined  in  the  building  ^vhich 
the  late  Mr.  Ismay  constructed  in  James  Street 
for  the  purposes  of  the  White  Star  Line. 

Tenders  are  now  at  the  Ad- 
New  Battleships,  miralty  for  the  construction  of 

the  only  battleship  to  be  built 
by  contract  under  the  1902  Naval  Programme, 
and  also  for  the  machinery  of  the  battleship  to  be 
built  at  Portsmouth  Dockyard.  Both  vessels  are 
of  the  same  class  as  the  King  Edward  VIL,  now 
building  at  Devonport  Dockyard  ;  the  Common- 
wealthy  building  at  Fairfield  ;  and  the  Dominion, 
building  at  the  Vickers  Company's  works  at 
Barrow-in-Furness.  These  vessels  are  425  ft. 
long,  78  ft.  beam,  and  of  43  ft.  moulded  depth  ; 
and  with  a  draft  of  26  ft.  9  in.  they  will  displace 
16,350  tons.  The  five  vessels  now  included  in 
this  class  are  1,350  tons  greater  than  any  of  the 
ships-of-the-line  in  the  British  Navy.  In  speed, 
however,  they  will  be  behind  the  six  vessels  of 
the  Duncan  class  now  being  completed,  which 
will  steam  19  knots  on  their  full-power  trials, 
while  the  new  ships  will  make  18^  knots.  The 
engine  power  is  the  same,  18,000  i.h.p. ;  but  more 
weight  is  given  to  armour  and  guns  in  the  new 
vessels.  Their  complete  broadside  is  covered 
from  5  ft.  below  the  water  line  to  the  upper 
deck  with  hardened  plates,  varying  from  9  in.  to 
7  in.,  and  right  forward  to  the  ram,  where  the 
armour  is  4  in.  in  thickness.  These  ships,  in 
addition  to  the  usual  twin  pairs  of  12-in.  guns 
in  barbettes,  will  carry  four  9'2-in.  guns  in  four 
smaller  barbettes,  as  well  as  ten  6-in.  quick- 
firers,  fourteen  12-pounders,  ten  3-pounders,  and 
two  Maxim  guns,  with  five  submerged  tubes  for 
firing  torpedoes.  This  armament  is  superior  to 
that  of  any  ship  in  the  Navy.  The  machinery  will 
be  much  the  same  as  that  of  the  King^ 
Edward  VI I. ,  which  has  a  combination  of 
Babcock  and  Wilcox  and  cylindrical  boilers. 
There  will  be  four  cylinders  working  on  the 
triple-compound  principle,  the  high-pressure 
cylinder  being  38  in.,  the  intermediate  60  in., 
and  the  two  low-pressure  cylinders  67  in.  in 
diameter,  with  a  stroke  in  each  case  of  48  in. 


The  full  power  will  be  realised  with  120  revolu- 
tions. The  contract  ship  will  have  cylindrical 
boilers  for  one- fifth  of  the  pdwer,  and  Babcock 
and  Wilcox  boilers  for  the  remainder.  The 
Dockyard-built  ship  will  have  Niclausse  boilers 
for  four-fifths  of  the  power,  the.  remainder 
being  got  from  cylindrical  boilers  worked  under 
the  Howden  system.  The  boiler  pressure  in 
both  cases  will  be  210  lbs.  per  square  inch. 

The  Shipping  Register  for  July 
British  Tonnege.  ^j^^^^  ^^^^  ^^^^^^  ^^  ^^^^   ^^ 

unijsually  large  production  of  new  tonnage,  and 
that  the  loss  of  tonnage  from  various  causes  has 
been  remarkably  slight.  The  result  is  a  large 
addition  to  our  merchant  fleet.  Of  new  steely 
steamers,  no  fewer  than  forty-nine,  with  a 
gross  tonnage  of  120,045  tons,  were  added  to 
the  Register  during  the  month.  With  iron  and 
small  wooden  vessels  the  total  additions  are 
seventy-nine  ships  of  121,896  gross  tons.  The 
removals  from  the  Register  comprised  only  eight 
steamers  of  15,573  gross  tons,  twelve  iron 
steamers  of  5,701  gross  tons,  and  wooden 
steamers  and  sailing  vessels  of  various  types, 
bringing  the  total  up  to  sixty  ships  of  32,743 
gross  tons.  These  do  not  include  vessels  trans- 
ferred to  and  from  the  Colonial  Registry.  De- 
ducting 32,743  tons  from  121,896  leaves  a  differ- 
ence of  89,153  gross  tons  as  the  net  addition  to 
the  Register  during  the  month. 


The 
■  MassUla." 


Another  new  Anchor  Liner  has 
been  built  by  Messrs.  Alexander 
Stephen  and  Sons  (Limited), 
Glasgow.  This  vessel,  which  is  named  the 
Massiliaj  is  of  the  following  dimensions  :— 
Length,  400  ft.  ;  breadth,  49  ft. ;  depth, 
30  ft.  9  in.  moulded  ;  with  a  gross  tonnage  of 
5,100  tons.  Sh«  will  be  supplied  with  a  set 
of  triple-expansion  engines,  the  cylinders  being 
26-in.,  43-in.,  and  7 1 -in.  diameter,  by  4  ft. 
stroke.  There  will  be  two  double-ended  boilers 
working  at  a  pressure  of  180  lbs.  This  latest 
addition  to  the  Anchor  Line  fleet  is  intended 
for  their  Indian  service,  and  has  been  built  to 
the  highest  class  of  the  British  Corporation 
Registry.  The  main  saloon,  a  very  handsome 
apartment  situated  on  the  bridge  deck,  is  well 
lighted  and  ventilated,  and  provides  superior 
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accommodation  for  a  large  number  of  first-class 
passengers.  The  decoration  is  bright  and 
artistic^  and  the  furniture  and  general  appoint- 
ments are  very  handsome.  The  state-rooms  are 
aft  of  the  main  saloon,  and  consist  of  large, 
airy,  and  well-lighted  two-  and  four-berthed 
rooms.  From  the  main  saloon  a  handsome 
stairway  leads  to  the  promenade  deck,  where  a 
spacious  music-room  is  provided.  At  the  other 
end  of  the  promenade  deck  there  is  a  large 
and  well- ventilated  smoking-room.  The  vessel 
has  been  fitted  with  all  the  latest  improvements 
for  the  rapid  working  of  the  large  cargo  which 
she  has  been  designed  to  carry,  including  ten 
powerful  steam  winches.  An  insulated  chamber 
for  storing  meat  and  vegetables  has  been 
provided,  which  will  be  kept  constantly  cool  by 
a  large  refrigerating  machine  placed  in  the 
engine-room. 

The  success  of  the  two  turbine 
New  Turbine     passenger     steamers     on     the 

Clyde  is  calling  forth  various 
projects  for  the  further  utilisation  of  this  class 
of  sea  motor.  One  is  to  be  employed  in  the  cross- 
Channel  service,  between  Dover  and  Calais.  We 
are  informed  that  Messrs.  Denny,  of  Dumbarton, 
have  received  from  the  South  Eastern  and 
Chatham  Companies  an  order  for  a  turbine 
steamer  for  next  season's  traffic,  which  for 
speed,  comfort,  and  convenience  will  revolu- 
tionise the  cross-Channel  passage.  The  Dover- 
Calais  route  will  be  the  first  sea  passage  upon 
which  this  new  type  of  steamer  will  be 
employed.  The  length  of  the  vessel  is  to  be 
300  ft.,  and  she  will  have  a  beam  of  40  ft., 
which  is  5  ft.  to  6ft.  wider  than  any  present 
cross-Channel  steamer.  This  will  giwe  a  mag- 
nificent  deck  space,  and  add  to  the  vessel's 
stability  at  sea,  prevent  rolling,  and  reduce  the 
inconvenience  of  passengers  to  a  minimum.  The 
ship  will  be  provided  with  every  up-to-date 
convenience  for  such  a  steamer,  and  will  be 
entirely  different  from  the  present  type  of  mail 
packet.  The  upper,  or  promenade  deck,is  to  have 
an  overhead  shelter,  so  that  in  rough  weather' 
passengers  can  be  protected  without  going 
below.  This  new  steamer  will  be  provided 
with  extensive  cabin  accommodation.  The 
turbine  machinery  occupies  such  a  small  space 


compared  with  the  present  heavy  engines  and 
machinery,  that  a  vast  amount  of  additional 
room  will  in  this  way  be  obtained  for  the 
use  of  passengers.  As  to  speed,  it  is  calculated 
that  the  cross-Channel  passage  will  be  covered 
by  this  steamer  in  45  minutes  at  the  outside, 
and  probably,  under  favourable  conditions, 
in  less.  The  steamer  will  have  five  propellers, 
and  be  fitted  with  rolling  chocks  to  add  to 
her  steadiness  at  sea,  and  her  engines  will 
be  capable  of  producing  a  speed  of  about 
25  knots  an  hour  without  vibration.  At  present 
the  highest  average  cross-Channel  steaming  is 
I  hour  5  minutes.  Another  project  has  reference 
to  the  building  of  a  large  and  swift  turbine  boat 
tor  the  West  Highland  tourist  trade. 

The  present  position  in  Johan- 
"rSe  rSS.*    nesburg    is    one    approaching 

stagnation,  as  only  about  one- 
third  of  the  stamps  are  working,  and  there 
seems  to  be  a  lack  of  strong  initiative  on  the 
part  of  the  mining  interests  to  terminate  the 
present  slump  by  a  settled  and  combined  policy 
with  regard  to  the  restricted  supplies  of  un- 
skilled labour  and  transport,  which  on  the 
surface  of  things  constitute  the  obstacles  to 
renewed  progress.  Counsels  are  divided,  as 
will  be  indicated  by  the  following  propositions, 
for  dealing  with  the  labour  question,  which  are 
advocated  in  various  quarters  : — 

1.  The  offer  of  larger  wages  to  Kaffirs. 

2.  The  importation  of  Indian  coolie  labour. 

3.  The  introduction  of  Chinese. 

4.  Giving  white  unskilled  labourers  five  shil- 
lings per  day,  with  free  food  and  quarters. 

5.  The  letting  of  underground  contracts  to 
gangs  of  white  men. 

The  first  plan  would  undoubtedly  be  the 
most  satisfactory  solution  if  a  return  of  the  rates 
prevailing  before  the  war  would  result  in  a 
sufficiency  of  labour,  but  it  is  probable  that  so 
much  money  had  to  be  distributed  among  the 
natives  in  various  ways  during  the  war,  that 
only  exorbitant  prices  would  bring  them  into 
Johannesburg  in  sufficient  quantities. 

The  second  and  third  propositions  are 
strongly  opposed  on  the  grounds  that  large 
numbers  of  Indians  or  Chinese  are  undesirable 
residents    in    a  white    man's    country.      The 
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experience  of  Natal  has  shown  that  of  the 
coolies  imported  for  plantation  working  to  that 
country,  a  large  proportion  of  them,  on  the 
termination  of  their  indentures,  elect  to  remain 
as  permanent  residents.  The  writer  had  the 
opportunity  of  watching  an  experimental  appli- 
cation of  coolie  labour  on  the  Rand  in  the^ 
early  nineties,  and  the  results  observed  were 
not  encouraging.  In  Australia,  again,  the 
people  have  had  considerable  experience  of 
Chinese  immigration,  and  the  efforts  of  the 
local  Parliaments  are  directed  towards  its  re- 
striction. 

The  fourth  suggestion  is  opposed 
Raeua  difficulties,  by  the  skilled  white  workmen 
on  the  ground  that  it  would  tend 
to   reduce    workmen's  wages   all    round,  and 
there  seems  to  be  some  ground  for  this  fear. 
Nevertheless,  at  the  present  moment  this  idea 
is  receiving  the  most  effectual  support  in  in- 
fluential quarters.    Some  of  the  companies  are 
building  a  number  of  rooms  for  the  occupation 
of  white  labourers  on  these  terms,  which  are  at 
present  only  offered  to  men   discharged  from 
military    service.     Another    difficulty    in    con- 
nection with  this  plan  is  the  necessity  for  the 
complete  separation   of    the  whije  from    the 
black  labour.     It  will   be  apparent  to  every- 
one   that    if    white    men    and    Kaffirs    were 
employed  on  the  same  work  in  mixed  gangs, 
a  fatal  blow  would  be  struck  at  the  prestige  of 
the  white  man,  and  results  of  the  loss  of  caste 
upon  the  internal  affairs  of  the  country  might 
easily  be  disastrous.     It  is  therefore  generally 
conceded  that  this  separation  of  blacks  and 
whites  must  be  maintained.    That  is  to  say,  that 
if  any  particular  mine  employs  cheap  white 
labour,  say  on  the  surface,  then  the  whole  of 
the   surface  work  should  be  done  by  whites. 
Even  with  this  limitation  the  Kaffirs  will  soon 
realise   that  white  men  are  employed  on  the 
same  kind  of  work  as  themselves,  and  this  will 
make  them  less  amenable  to  the  white  man's 
rule.     This  political  aspect  of  the  case  seems 
therefore  to  be  the  most  serious  one. 

The  last  proposition  has  much  to  recommend 
it  from  the  mine  manager's  point  of  view,  but  if 
the  contracts  were  let  at  such  prices  that  the 
cost  to  the  companies  per  ton  milled  suffered 
no    increase,    the    men    would    probably    not 


earn  more  than  £/^  per  week,  and  from  a 
miner's  point  of  view  it  is  certainly  more 
pleasant  to  receive  ;^5  los.  for  supervising 
Kaffirs  than  £^  as  the  result  of  a  week's  hard 
personal  labour. 

In  conclusion,  then,  it  may  be 
The  OuUook.     safely  said  that  the  tendency  is 

distinctly  towards  the  reduction 
of  all  salaries  and  wages,  and  that  until  the 
present  conditions  of  stagnation  and  uncertainty 
have  given  place  to  the  vigorous  prosecution  of 
some  definite  policy,  such  as  is  usually  charac- 
teristic of  the  able  men  in  whose  hands  lie  the 
the  future  of  the  Rand,  it  is  impossible  to 
recommend  any  one  of  any  calling  to  venture 
thei:e  at  the  present  time  unless  his  prospects  are 
assured  before  leaving  his  home.  The  other 
difficulty  referred  to  above,  namely,  in  regard 
to  transport,  also  affects  progress  considerably. 
Merchants  cannot  get  more  than  one-third  of 
their  requirements  sent  forward  on  the  railways, 
and  batteries  have  to  shut  down  owing  to 
shortage  of  coal,  and  slimes  plants  stop  for 
want  of  lime.  We  have  endeavoured  to  give  a 
true  picture  of  present  conditions,  and  its 
colours  are  not  rosy ;  nevertheless,  there  is 
plenty  of  hope  for  the  future,  for  the  gold  is 
still  there,  and  there  is  little  doubt  that  within 
twelve  months  and  perhaps  less,  this  district 
will  again  be  the  scene  of  activity  and  prosperity 
that  it  has  been  in  the  past. 

Although  less  money  may  be  earned  per  head, 
the  amount  spent  in  necessaries  will  also  become 
gradually  lessened,  and  that  spent  on  whisky 
considerably  reduced. 

Fire  damp  has  always  attracted 
^pS^eD^V'  attention  in  connection  with 
coal  mining,  and  still  does  ;  in 
fact,  if  this  attention  is  relaxed  the  world  is 
soon  painfully  reminded  of  the  presence  of  this 
undesirable  concomitant  of  coal  by  some  dire- 
ful calamity  due  to  the  effects  of  its  sudden 
appearance  and  combustion.  Some  very  in- 
teresting and  careful  experiments  have  been 
made  recently,  more  particularly  to  verify  points 
of  doubt  and  variance  existing  in  relation  to  the 
work  of  previous  investigators.  In  some  ex- 
periments samples  of  coal  of  i6-lbs.  weight 
were  pulverised  by  means  of  steel  balls  in  a 
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closed  gas-tight  cylinder,  which  at  the  start  was 
exhausted  of  air  and  then  revolved  thirty-five 
turns  a  minute.  After  an  hour  the  pressure  of 
any  gas  in  the  cylinder  was  ascertained,  the 
volume  measured,  and  the  composition  deter- 
mined. Two  varieties  of  coal  were  investigated, 
and  both  yielded  gas  in  variable  quantities. 
Neither  the  chemical  composition  of  the  coal, 
nor  its  density,  nor  the  degree  of  fineness  of  the 
pulverisation,  seemed  to  bear  any  relation  to  the 
volume  or  character  of  the  gas  evolved.  More 
gas  was  obtained  by  making  two  exhaustions  of 
the  cylinder  each  after  half  an  hour's  attrition 
than  by  a  single  exhaustion  after  one  hour ;  this 
was  due  to  some  re-absorption  of  the  gas  by 
the  coal.  Coal  in  lumps  loses  its  gas  slowlyi 
the  combustible  constituents  are  the  first  to  go. 

This  solitary  fact  of  the  occlu- 
^"burou!"^     sion  of  fire  damp  in  coal  having 

been  established  and  scientific- 
ally demonstrated,  provides,  it  is  asserted,  an 
explanation  for  all  the  phenomena  associated 
with  beds  that  are  subject  to  sudden  outbursts 
of  gas,  and  also  for  all  the  conditions  under 
which  the  outbursts  are  produced. 

Exploratory  borings  should  be 
Precautions,  employed,  and  should  prove  use- 
ful in  indicating  the  probable 
spots  where  sudden  outbursts  of  gas  may  be 
expected  ;  but  this  exploratory  work  should  not 
be  relegated  to  an  under-manager,  neither 
should  the  position  and  directions  of  the  holes 
be  arranged  by  some  fixed  rule.  The  work, 
to  have  real  effect,  should  not  be  left  to 
subordinates,  but  should  be  under  superior 
direction  and  should  be  conducted  and  modified 
so  as  to  ascertain  the  peculiarities  and  character 
of  each  particular  seam,  then  necessary  and 
effective  arrangements  could  be  made  to  avert 
calamity.  Such  is  the  latest  decision  in  this 
important  matter.  It  is  particularly  urgent  to 
take .  precautions  in  times  when  earth  move- 
ments are  prevalent,  as  the  resulting  disturb- 
ances are  liable  to  set  free  great  volumes  of 
pent-up  fire-damp. 

Many  and  often  have  the  dangers 

Dang^rs.^       ^^   ^^^^  ^"^*  impressed  them- 
selves on  the  public  mind  in  a 
painful  manner ;  many  and  often  have  warnings 


been  issued  about  this  danger,  and  just  as  often 
have  folks  neglected  these  warnings,  and  even 
questioned  the  dangerous  character  of  dust. 
To  such  an  extent  has  this  been  the  case,  that 
the  Governments  of  our  own  and  various  other 
countries  have  held  inquiries  into  the  matter,  and 
by  searching  experiment  have  obtained  proof 
of  the  undoubtedly  dangerous  character  of  coal 
dust  Yet  what  does  all  this  avail  ?  One  of 
our  own  Colonies  furnishes  a  terrible  example 
of  the  fact  that  it  avails  but  little. 


Canada's 
Warning. 


In  the  Fernie  mines  of  the 
Crow*s  Nest  Pass  Coal  Company,, 
we  find  the  chief  mining  super- 
intendent, in  charge  of  a  dry  and  dusty  mine,, 
never  had  the  dust  analysed  or  otherwise  tested 
to  ascertain  whether  it  was  explosive  or  not^ 
neither  did  he  have  the  dust  removed  or  v^ratered 
in  old  workings,  because  he  considered  it  im- 
practicable ;  and  the  only  method  of  watering 
the  dust  employed  anywhere  in  the  mine  under 
his  direction  was  with  a  car  and  can.  Moreover^ 
the  foreman  and  other  officials  of  the  mine  were 
also  unacquainted  with  the  dangerous  character 
of  coal  dust.  Result — a  violent  explosion  when 
152  men  were  working  in  the  mine.  All  the 
splendid  efforts  to  succour  and  save  resulted  in 
the  rescue  of  twenty- two  men,  who  were  already 
in  the  last  throes  of  a  death  struggle  with  after- 
damp. And  the  jury,  the  Government  expert,  the 
miners'  committee,  and  a  former  manager  of  the 
mine  were  unanimous  in  asserting  that  the 
explosion  was  caused  by  coal  dust.  Even  the 
chief  mining  superintendent,  already  mentioned^ 
admitted  that  the  explosion  might  have  resulted 
from  his  inability  to  remove  or  water  the  dust 
in  the  old  workings.  There  are  50  widows  and 
60  families  bereft  by  this  accident.  Such  are 
the  terrible  lessons  necessary  to  make  some 
people  realise  that  the  statements  and  warnings 
of  the  scientific  investigators  are  really  of  vital 
importance  and  worthy  of  serious  consideration. 


Government 
Locations. 


The  Canadian  Government  have 
made  a  move  which  is  highly 
appreciated  by  many  people 
throughout  the  Dominion,  inasmuch  as  the 
Minister  of  the  Interior  has  selected  an  extensive 
area    in    the    above-mentioned    coal    district. 
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which,  by  the  way,  is  situate  on  the  boundary 
between  British  Columbia  and  Alberta,  and  is 
said  to  be  one  of  the  best  locations  in  that 
region.  The  coal  of  the  particular  neighbour- 
hood shows  on  tests  74  to  79  per  cent,  of  carbon 
and  from  2  to  4  per  cent,  of  ash ;  it  is  clean  and 
firm,  and  yields  a  high-grade  coke.  Strangely 
enough,  there  has  been  such  activity  in  the 
location  of  claims  in  this  field,  that  it  was  only 
by  a  surveyor's  error  that  the  area  now  taken 
up  by  the  Government  was  not  already  appro- 
priated. 

Besides  the  value  of  the  property 

Healthy        to  the  Government,  the  acquisi- 
CompeUtlon.       ...  au  j        1  • 

tion  has  another  advantage  m 

that  it   introduces  an  element  of  competition 

which  was  much  desired,  not  only  to  reduce 

prices,  but  to  ensure  more  active  working  and 

a  better  supply.    The  Crow's  Nest  Pass  Coal 

Company   has  been  in  operation  nearly  five 

years,  and  has  reached  an  output  of  2,000  tons 

a  day ;  but  on  one  outcrop  seam,  where  work 

was  commenced  in  1898,  production  has  not 

yet  reached  500  tons  a  day. 

This   mineral   is    an  important 

Asbestos  In      factor  in    Canada's  mining  in- 
CaiiAda* 

dustries,  and   one  that    shows 

signs  of  agreeable  vitality.  In  1879,  300  tons 
were  produced,  valued  at  19,500  dols. ;  last  year 
the  output  was  38,500  tons,  valued  at  962,500 
dols.,  showing  an  increase  of  7,859  tons  above 
the  production  for  the  year  1900.  In  the  latter 
year  the  Province  of  Quebec  produced  21,408 
tons,  thus  giving  employment  to  1,040  work- 
men. The  mineral  is  obtained  by  open  cast 
workings  or  quarries,  in  which  power  drills  and 
other  up-to-date  appliances  are  employed. 
Blondin  cableways  being  used  to  take  the 
material  from  the  quarry  to  the  mill. 

There  are  in  Canada  twelve 
Eme^rises.     companies     at    work,    with    a 

capital  of  four  millions,  and 
employing  3,000  men.  Bell's  Asbestos  Com- 
pany, which  is  probably  the  best  known, 
furnishes  a  good  example  of  a  successful  asbestos 
enterprise.  The  capital  is  ;^7oo,ooo,  of  which 
;f  170,000  has  been  issued  and  paid  up  in  full 
Large  profits  have  been  earned  annually  from 
the  working    of    the    company's    mines,    and 


Canada*! 
Nickel. 


dividends  as  high  as  22J  per  cent,  have  been 
paid.  Canada,  in  fact,  controls  the  asbestos 
market  of  the  world. 

This  is  another  valuable  mine- 
ral product  prevalent  in  the 
Dominion.  Several  of  the  great 
nickel-producing  companies  have  already  com- 
bined ;  nevertheless  there  is  plenty  of  activity  in 
the  famous  nickel  region  of  Ontario,  where 
there  are  at  present  extensive  supplies  of  ore ; 
in  fact,  it  is  so  plentiful  that  only  the  richer 
bodies  are  being  worked,  and  should  these  fail, 
the  smelters  could  be  supplied  by  the  concen- 
tration of  the  poorer  ores. 

Many  interesting  and  useful 
Wtmu^.  investigations,  experiments,  and 
trials  with  various  processes, 
including,  inter  alia,  magnetic  separation,  the 
ingenious  Mond  process,  and  the  direct 
steel  process,  have  been  conducted  with  the 
nickeliferous  copper  ores,  and  have  yielded 
valuable  results.  Nevertheless,  heap-roasting, 
matte-smelting,  and  Bessemerising  are  employed 
wherever  the  ore  is  being  treated  on  a  large 
scale.  Where  the  blast  furnace  is  used  on 
pulverised  matte  there  is  considerable  loss  in 
the  shape  of  flue  dust,  which  briquetting  would 
only  in  part  prevent. 

Deposits  of  China-clay  have  long 
^^^  F^nw^ '"  been  known  to  exist  in  the 
department  of  the  Drome ;  a 
single  deposit  has  been  observed  to  extend  for 
1,700  ft.  or  more.  There  are  four  quarries  quite 
ready  for  working,  and  there  are  works  at 
Barbiere,  at  the  present  time,  producing  20 
tons  of  kaolin  and  designed  to  produce  from  50 
to  60  tons.  The  operations  conducted  consist 
in  washing  the  sand  from  tlie  clay.  The  latter 
is  disposed  of  for  porcelain  and  pottery,  the 
former  is  stored  for  special  use. 

At    a    recent    meeting   of   the 

ppofessop  Perry  British    Association,    Professor 

on  the  Edueation 

of  the  Engineer.  John     Perry,     the     well-known 

authority  on  engineering  mat- 
ters, delivered  some  pointed  remarks  concern- 
ing the  training  of  the  young  engineer,  and  the 
influence  of  education  upon  our  commercial 
supremacy.  The  present  system  of  teaching 
mathematics  and  the  undue  importance  attached 
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to  classics  formed  the  subject  of  a  scathing 
attack.  "  I  have  known  the  ordinary  abominable 
system  of  mathematical  study,"  he  said,  "  to  be 
advocated  by  engineers,  who,  because  they  have 
passed  through  it  themselves,  have  really  come  to 
loathe  all  kinds  of  mathematics  higher  than  that 
of  the  grocer  and  the  housekeeper.  They  say 
that  mathematics  have  trained  their  minds,  but 
they  do  not  need  it  in  their  profession.  There 
is  no  profession  which  so  much  requires  a  man 
to  always  have  the  mathematical  tool  ready  for 
use  on  all  sorts  of  problems.  The  average 
schoolboy  leaves  an  English  school  with  no 
power  to  think  for  himself,  with  a  hatred  for 
books,  with  less  than  none  of  the  knowledge 
which  might  help  him  to  understand  what  he 
sees  ;  and  he  has  learnt  what  is  called  "  mathe- 
matics" in  such  a  fashion  that  he  hates  the 
sight  of  an  algebraic  expression  all  his  Jife  after." 
Professor  Perry  evidently  thinks  there  is  some- 
thing radically  and  seriously  wrong  with  our 
method  of  training  boys  for  the  professions 
generally ;  and  that  improvement  lies  in  the 
direction  of  a  system  by  which  the  pupil's 
reflective  faculties  are  stimulated,  and  he  is 
trained  to  think  intelligently.  Upon  this  firm 
and  healthy  basis,  the  Professor  sees  our  future 
commercial  supremacy  securely  established. 
We  note  with  interest  the  robust  common-sense 
view  which  Professor  Perry  takes  of  England's 
position  as  a  commercial  nation. 

The  sound  judgment  characterising  the  follow- 
ing extract,  will,  we  think,  be  a  sufficient  excuse 
for  our  quoting  it  at  length. 

"  No  right-thinking  engineer 
""""^u^emilSyr^^^^s  been  scared  by  the  news- 
paper writers  who  tell  us  of  our 
loss  of  supremacy  in  manufacture,  but  I  think 
that  every  engineer  sees  the  necessity  for  reform 
in  many  of  our  ways,  and  especially  in  this  of 
education.  People  talk  of  the  good  done  to  our 
workmen's  ideas  by  the  strike  of  two  years  ago  ; 
it  is  to  be  hoped  that  the  employers'  ideas  were 
also  expanded  by  their  having  been  forced  to 
travel  and  to  see  that  their  shops  were  quite 
out  of  date.  In  fact  we  have  all  got  to  see  that 
there  is  far  too  much  unskilled  labour  among 
workmen,  foremen  and  managers,  and  especially 
in  owners.     Millions  of  money  may  build  up 


trusts,  but  they  will  be  wasted  if  the  undcilled 
labour  of  mere  clerks  is  expected  to  take  the 
place  of  the  thoughtful  skilled  labour  of  owners 
and  managers. 

I  laugh  at  the  idea  that  any  country  has  better 
workmen  than  ours,  and  I  consider  the  educa- 
tion of  our  workmen  td  be  the  comer-stone  of 
prosperity  in  all  engineering  manufacture.  It  is 
from  him  in  countless  ways  that  all  hints  leading 
to  great  inventions  come.  New  countries  like 
America  and  Germany  have  their  chance  just 
now  ;  they  are  starting,  without  having  to 
'scrap'  any  old  machinery  or  old  ideas,  with  the 
latest  machinery  and  the  latest  ideas.  For  them 
also  the  time  will  come  when  their  machines 
will  be  getting  out  of  date,  and  the  cost  of 
'scrapping'  will  loom  large  in  their  eyes.  In 
the  meantime  they  have  taught  us  lessons,  and 
this  greatest  of  all  lessons — that  unless  we  look 
ahead  with  much  judgment,  unless  we  take 
reasonable  precautions,  unless  we  pay  some 
regard  to  the  fact  that  the  cleverest  people  in 
several  nations  are  hungry  for  our  trade  and 
jealous  of  our  supremacy,  we  may  for  a  time 
lose  a  little  of  that  supremacy.  We  have  been 
too  confident  that  manufactures  and  commerce 
and  skill  in  engineering  would  remain  with  us 
for  ever.  We  have  had  a  very  strong  hint  given 
us  that  we  cannot  for  ever  go  on  with  absolutely 
no  education  in  the  scientific  principles  which 
underlie  all  engineering. 

There  is  another  important  thing  to  re- 
member. Should  foreigners  get  the  notion 
that  we  are  decaying,  we  shall  no  longer  have 
our  industries  kept  up  by  an  influx  of  clever 
Uitlanders,  and  we  are  much  too  much  in  the 
habit  of  forgetting  what  we  owe  to  foreigners, 
Fleming  and  German,  Hollander,  Huguenot,  and 
Hebrew,  for  the  development  of  our  natural 
resources.  Think  of  how  much  we  sometimes 
owe  to  one  foreigner  like  the  late  Sir  Williapi 
Siemens. 

In  our  country  nearly  all  discoveries  come 
from  below.  The  leaders  of  science,  the 
inventors,  receive  from  a  thousand  obscure 
sources  the  germs  of  their  great  discoveries 
and  inventions.  When  every  unit  of  the 
population  is  familiar  with  scientific  ideas  our 
leaders  will  not  only  be  more  numerous,  but 
they  will  be  individually  greater.    And  it  is  we, 
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and  not  the  schoolmasters,  who  are  familiarising 
the  people  with  a  better  knowledge  of  nature. 
When  men  can  hardly  take  a  step  without 
seeing  steam  engines  and  electro-motors  and 
telegraphs  and  telephones  and  steamships,  with 
drainage  and  waterworks,  with  railways  and 
electric  tramways  and  motor  cars,  when  every 
shop  window  is  filled  with  the  products  of 
engineering  enterprise,  it  is  getting  rather 
difficult  for  people  to  have  any  belief  in  evil 
spirits  and  witchcraft.  All  the  heart-breaking 
preaching  of  enthusiasts  in  education  would  pro- 
duce very  little  effect  upon  an  old  society  like  that 
of  England  if  it  were  not  for  the  engineer.'* 

The  rumours  which  have  been 
The  steel        so  prevalent  recently  with  regard 
to  the  formation  of  a  colossal 
amalgamation  of  British  steel  interests  have  not 
been   confirmed.    The   issuing   of    a  circular, 
however,  to  the  shareholders  of  Messrs.  Dorman, 
Long  and  Co.,  is  of    interest.     It  announces 
that  the  directors  have  decided  to  enter  into  a 
**  provisional  agreement  to  purchase  from  Sir 
Lowthian  Bell  and  his  family  30,000  shares  of 
£5   each,  with    £^   los.  paid    up,  being  the 
remaining  half  of  the  ordinary  shares  of  Bell 
Brothers,  Ltd.,  thus  constituting  Dorman,  Long 
and  Co.,  Ltd.,  the  owners  of  all  the  ordinary 
shares  in  that  company,  the  consideration  being 
the  issue  to  Sir  Lowthian  Bell  and  his  family  of 
ordinary  shares  in  Dorman,  Long  and  Co.,  Ltd., 
of  the  nominal  value  of  ;^225,ooo."    This  sum 
represents  as  nearly  as  possible  the  value  at  par 
of  the   shares  in   Messrs.  Bell  Brothers,  Ltd., 
together  with  half  the  reserves  and  unassigned 
profits  shown  in  the  balance-sheet  of  the  latter 
company.    It  may  be  remembered  that  Messrs. 
Dorman,  Long,  and  Co.,  Ltd.,  assisted  in  the 
flotation  of   Sir  Lowthian    BelFs  company  in 
1899,  by  purchasing  one  half  of  the  ordinary 
shares.    The  capital  of  the  purchasing  company 
is   also    to    be    increased    by    the    issuing    of 
;f  250,000.  in  ordinary  shares,  which  will    be 
offered  to  its  shareholders  at  par  in  the  propor- 
tion of  one-third  of  their  present  holdings,  any 
surplus  which  is  not  thus  appropriated    (not 
exceeding  125,000  shares)  being  similarly  allotted 
to  Mr.  Hugh  Bell  and  Mr.  A.  J.  Dorman.    The 
prosperity  of  Messrs.  Dorman,  Long  and  Co. 
has  fluctuated  considerably  during  recent  years. 


with  the  vagaries  of  varying  trade  ;  but  they 
have  always  been  well  to  the  front  in  the  contest 
for  British  supremacy  in  the  iron  and  steel 
industry.  They  have  neither  hesitated  to  adopt 
new  methods  of  business,  nor  neglected  the 
advantages  of  thoroughly  up-to-date  equipment. 
At  present  the  company's  mills  and  furnaces 
are  being  remodelled  and  enlarged. 

The  report  of    Mr.    Bell,    the 

The  Deepease  In    British  Commercial  Agent  in  the 

Export  Trade.    United  States,  recently  pubHshed 

by  the  Foreign  Office,  announces 
an  enormous  decrease  in  the  American  export 
trade,  especially  in  iron  and  steel  manufactures. 
The  total  value  of  the  exports  during  the  fiscal 
year,  ending  June  30th,  shows  a  falling  off  of 
104,980,945  dols.  (about  ;^25,ooo,ooo).      These 
figures  will  come  somewhat  as  a  surprise  to  the 
British  public,  and,  looked  at  casually,  are  likely 
to  convey  a  false  impression  with  regard  to 
American    prosperity.       Notwithstanding  this 
striking  discrepancy  between  the  trade  of  the 
last  two  years,  it  is  a  fact  that  the  American 
factories  and  workshops  of  almost  all  industries 
have  been  working  at  their  full  pressure ;  but 
owing  to  the  miprecedented  demands  for  home 
consumption,    American     manufacturers    have 
found  a  readier,  and  more  profitable  market  for 
their  goods  at  home.     Especially  is  this  true 
with  regard  to  the  iron  and  steel  industry,  which 
has  been  greatly  stimulated  by  the  remarkable 
prosperity  of  the  railways.    These  have  not 
only  been  purchasing  rails  extensively,  but  have 
been    obliged     to     obtain     much     additional 
rolling-stock  and  general  supplies,Jthus  increasing 
the  demand  for  a  great  deal  of  other  material 
produced  by  iron  and  steel  manufacturers.    Mr. 
Bell  states  that  the  American  furnaces  have  been 
utterly  unable  to  meet  the  unparalleled  demand 
for  iron  and  steel  for  home  use ;  and  it  has  been 
found  necessary  to  import  considerable  quanti- 
ties   of    raw,    semi-manufactured,    and    even 
manufactured  material.     At  present,  the  boom 
in  the  home  markets  shows  no  signs  of  abating. 
It  is  estimated  that  the  American  railways  will 
require  at  least  2,000,000  tons  of  steel  rails  alone 
for  the  ensuing  year ;  and  orders  for  1,000,000 
tons  have  already  been  given.    We  gather  from 
Mr.  Beirs  report,  however,  that  this  prosperity 
is  not  likely  to  be  protracted,  for  American 
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manufacturers  are  already  preparing  for  a  time 
when  it  will  be  essential  for  them  to  take 
their  products  further  afield. 

*'  It  is  only  too  evident,"  says  Mr.  Bell,  "  that 
preparations  are  being  made  to  meet  this 
contingency.  Railways  are  either  combining 
or  forming  communities  of  interest  with  a  view 
to  carrying  goods  as  economically  as  possible, 
especially  towards  the  seaboard.  The  shipping 
interests  have  the  same  thing  in  view,  so  that 
by  the  time  the  supply  greatly  exceeds  the 
demand  in  this  country  everything  will  be  in 
readiness  to  carry  the  surplus  to  Europe  and 
other  countries  more  economically  than  has 
ever  beeii  done  before.  The  large  Trusts  are 
preparing  for  that  time.  The  large  financial 
interests  in  New  York  and  other  centres  have 
become  so  mixed  up  with  railway,  industrial, 
and  shipping  concerns  that  they  are  able  to 
exert  an  enormous  influence  with  the  trans- 
portation companies  in  order  to  obtain 
favourable  rates  of  transport  for  the  Trusts' 
merchandise.  The  latest  of  the  great  com- 
bines, the  Atlantic  Shipping,  is  doubtless  part 
of  this  great  scheme.  In  the  meantime,  thos^ 
British  manufacturers  who  have  not  already 
done  so  will  have  an  opportunity  of  remodel- 
ling their  works,  and  placing  them  in  a  con- 
dition to  be  able  to  meet  in  a  more  satisfactory 
manner  the  inevitable  and  severe  competition." 

Too  much  attention  cannot  be 
The  Uniformity   paid  to  the  production  of  trade 
Cauioffues.      catalogues.     It  is  a  recognised 
fact  that  the  firms  which  pro- 
vide  up-to-date  and  attractive  descriptions  of 


their  goods  are  in  the  front  rank  of  successful 
business  enterprise.  Much  has  been  done  in 
recent  years  to  make  the  trade  catalogue  a  work 
which  will  be  scanned  with  real  interest,  instead 
of  being  thrown  aside  as  a  dry  category  of 
goods  and  their  prices.  In  one  important  par- 
ticular, however,  there  appears  to  be  much 
room  for  improvement.  Many  firms,  in  striving 
after  the  artistic,  are  prone  to  neglect  the 
utilitarian  features  of  their  publications,  and 
hence  we  have  catalogues  of  many  varying 
sizes — some  wider  than  they  are  high,  or  too 
high  to  take  their  place  on  the  book-shelf 
where  they  can  be  conveniently  referred  to. 
There  appears  to  be  a  growing  understanding 
on  the  part  of  engineering  firms  that  catalogues 
should  conform  as  nearly  as  possible  to  the 
dimensions  of  6  in.  by  9  in.  The  importance 
of  this  is  very  apparent.  In  the  offices  of  nine 
out  of  every  ten  engineering  firms  it  is  the 
custom  to  file  all  catalogues  received,  in  order 
that  they  may  be  referred  to  at  a  moment^s 
notice ;  and  thus  the  catalogue  of  awkward 
shape  and  size  is  often  relegated  to  the  waste- 
paper  basket,  or  stacked  with  other  ungainly 
hterature  upon  the  office  floor.  Thus  it  is  not 
readily  to  hand  when  wanted,  and  the  conse- 
quence is  that  another  firm,  issuing  a  catalogue 
of  more  modest  dimensions,  will  often  secure 
the  order.  In  some  cases  the  unavoidable 
necessity  of  illustration  by  large  diagrams  will 
prevent  an  adherence  to  the  uniform  standard  ; 
bjut  it  is  generally  possible  to  issue  an  auxiliary 
volume  of  uniform  size,  and  money  spent  in 
this  direction  will  generally  prove  a  paying 
investment. 
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A    Monthly  Review  of  the  leading  papers  fead  before  the  various  Engineering  and 
Technical  Institutions  of  Great  Britain* 


MEETING  OF  THE  IRON  AND  STEEL 
INSTITUTE  AT  DUSSELDORF* 

npHE  summer  meeting  of  the  Iron  and  Steel 
-*-  Institute  at  Diisseldorf  presented  many 
points  of  interest,  not  the  least  important  of 
which  was  the  warm  welcome  extended  to 
the  members  by  German  metallurgists  and 
engineers,  who  not  only  did  the  honours  of  the 
occasion  with  marked  spontaneity,  but  were 
ready  to  throw  open  the  more  important 
German  works  for  the  inspection  of  the  visitors, 
a  concession  which  was  greatly  appreciated. 

The  proceedings  opened  with  a  meeting  of 
the  Council  at  the  Tonhalle  on  September  3rd, 
when  the  formal  reception  of  the  President, 
Council,  and  members  by  the  representatives 
of  the  Government,  civic  authorities,  and  the 
Reception  Committee,  was  followed  by  a  selec- 
tion of  papers.  In  the  afternoon  an  adjourn- 
ment was  made  to  the  Exhibition,  where,  under 
the  guidance  of  English-speaking  experts, 
groups  were  formed  for  the  purpose  of  examin- 
ing the  various  sections  of  mining,  metallurgy, 
and  machinery!  On  the  following  day  a  some- 
what similar  programme,  varied  by  social 
gatherings,  was  carried  out.  The  Friday  was 
devoted  entirely  to  visiting  works. 

For  this  purpose  five  groups  were  formed, 
proceeding  respectively  to  Essen  (the  Krupp 
Establishment),  Dortmund  (the  "  Union  " 
Company,  the  Hoerde  Works,  the  Hosch 
Steelworks),  Ruhrort  (the  Phoenix  Works,  the 
**  Rheinische  Stahlwerke  "),  Oberhausen   (the 


Gutehoffnungshiitte),  Duisburg  (the  Vulcan 
Works,  the  Duisburger  Maschinenbau  Actien- 
Gesellschaft,  formerly  Bechen  and  Keetman). 
Supplementary  excursions  were  also  arranged, 
and  a  special  programme  of  visits  and  excur- 
sions was  drawn  up  for  the  ladies  attending  the 
meeting. 

A  word  should  be  said  in  praise  of  the 
detailed  programme  arranged  by  the  secretary, 
Mr.  Bennett  H.  Brough,  including  excellent 
plans  of  Diisseldorf  and  the  Exhibition,  and 
a  map  of  the  district,  as  well  as  much  useful 
information  on  the  subject  of  German  money, 
cab  fares,  electric  tramways,  etc.  These,  with 
special  local  notes,  and  a  section  devoted  to  the 
works  to  be  visited,  formed  a  handy  guide  for 
the  use  of  members. 

In  the  following  pages  we  reproduce  a 
selection  of  the  papers  read  at  the  Diisseldorf 
meeting,  and  regret  that  pressure  upon  our 
space  prevents  the  inclusion  of  a  larger  number 
of  excerpts.  Besides  those  which  are  here 
dealt  with  in  detail,  papers  were  contributed  by 
Professor  H.  Wedding  on  Iron  and  Steel  at  the 
Diisseldorf  Exhibition  ;  by  Messrs.  E.  D.  Camp- 
bell and  M.  B.  Kennedy,  of  the  University  of 
Michigan,  on  the  Probable  Existence  of  a  New 
Carbide  of  Iron  ;  by  Messrs.  L.  F.  Gjers  and  J. 
H.  Harrison,  of  Middlesbrough,  on  Results 
obtained  in  the  Equalisation  of  the  Temperature 
of  Hot  Blast ;  by  M.  A.  Harmet,  of  St.  Etienne, 
on  the  Compression  of  Steel  in  Ingot  Moulds  ; 
and  by  Professor  E.  Heyn,  of  Berhn,  on  the 
Overheating  of  Mild  Steel. 


Digitized  by 


Google 


464 


Page's  Magazine. 


THE  USE  OF  ELECTRICITY  IN  IRON 
AND  STEEL  WORKS- 

A  N  excellent  paper  on  the  above  subject, 
-^^  fropi  which  we  take  the  following 
excerpts,  was  read  at  the  Diisseldorf  meeting  of 
the  Iron  and  Steel  Institute,  by  Mr.  F.  Kylberg, 
of  Benrath.  The  author  describes  various 
American  appliances  which  have  been  adapted 
to  European  requirements : — 

In  recent  years,  as  is  generally  known,  the  application 
of  electricity  to  the  driving  of  mechanical  appliances  in 
ironworks  has  grown  to  an  unprecedented  extent.  This 
may  be  due  primarily  to  the  fact  that  the  cost  of  gene- 
rating the  electric  current  has  been  reduced  beyond  all 
previous  conception,  and  the  time  is  even  now  within  • 
measurable  distance  when  modern  central  power  stations 
driven  by  blast-furnace  gas  will  render  the  use  of  electric 
power  in  iron  and  steel  works  practice  still  more  general. 
In  fact,  it  appears  probable  that  at  no  distant  date  both 
auxiliary  steam  engines  and  hydraulic  power  will  be 
entirely  superseded. 

Hitherto  the  necessity  has  existed  of  laying  down  ex- 
tensive steam-boiler  installations,  for  the  heating  of  which 
either  coal  or  blast-furnace  gas  was  required.  Despite 
every  effort  to  effect  a  reduction  in  the  consumption  of 
steam  by  the  introduction  of  central  condensing  and  cool- 
ing plants,  as  well  as  by  increasing  the  efficiency  of  the 
steam  engine,  it  was  nevertheless  found  impossible  to 
lower  the  cost  of  generating  the  power  by  these  means 
till  it  approximated  to  that  attainable  by  the  use  of  direct- 
driven  gas  engines.  The  blast-furnace  owner  of  the 
present  day  can,  in  fact,  avail  himself  of  a  free  supply  of 
thousands  of  horse-power.  Further  developments  in  this 
direction  will  no  doubt  lead  to  modifications  in  the  con- 
struction of  the  blast-furnace  and  to  the  perfection  of  it, 
not  only  as  a  pig-iron  producer,  but  also  as  a  gas  pro- 
ducer. This,  again,  involves  the  adoption  of  the  requisite 
modern  gas-purifying  plant,  the  need  for  which  had 
formerly  never  been  experienced. 

TIk  Jt  .e.."jM..^Mi  ./  MIC  I  l.isi'Iurnacc  gai^engint- nut! 
the  cltiClric  pritcntial  posisihilitics  thus  opened  up  giive 
occasion  to  the  metiillurgicai  tfugineer  to  employ  this 
energy  in  driving  machinery  of  every  concLiv.ible  v.irk-ty, 

TheAmericaTiworksijiparHcularj  which  arc  laid  out  fur 


production  on  a  large  scale,  have  achieved  wonders  in  the 
use  of  electricity,  although  they  have  only  recently  begun 
to  employ  gas-driven  engines.  These  American  ap- 
pliances have  often  been  introduced  into  Europe  without 
regard  as  to  whether  they  were  adapted  to  European 
conditions,  with  the  consequent  result  of  occasional 
failure.  The  author  proposes  in  the  following  paper  to 
describe  some  developments  based  on  American  ex- 
perience and  adapted  to  European  requirements. 

■LKOTRIC   8HUNTINQ    AND  MINK  LOOOMOTIVBB. 

The  great  advantages  of  the  utilisation  of  electric 
power  as  compared  with  steam  are  particularly  noticeable 
in  this  connection,  as  is  proved  by  the  reduction  in  the 
cost  of  working  and  an  efficiency  hitherto  unattainable. 
The  following  are  the  two  types  of  locomotives  which 
have  proved  most  serviceable  ;  first,  the  shunting  loco- 
motive of  medium  tractive  power  and  high  speed  ;  and 
secondly,  mine  locomotives  of  high  tractive  power  and 
low  speed.  Both  of  these  types  are  distinguishable  from 
one  another  chiefly  by  their  general  mode  of  construction. 
The  following  are  the  chief  points  in  the  construction  of 
standard  electric  locomotives.  Each  axle  is  driven  by  a 
special  motor,  by  which  means  great  efficiency  and  high 
tractive  power  are  assured.  The  motors  are,  moreover, 
arranged  that  any  one  of  them  can  be  cut  out  if  desired, 
and  as  the  result  the  speed  of  the  engine  can  be  regulated 
according  to  the  load.  The  shocks  experienced  at 
starting  and  stopping  are  also  less  severe. 

In  the  smaller  steel  works  where  the  use  of  locomotives 
would  not  be  profitable,  electrically  driven  capstans  can 
be  employed  to  advantage.  The  driving  mechanism  of 
these  capstans  is  enclosed  in  water-tight  cast-iron 
casings,  which  are  placed  beneath  the  level  of  the 
platform  so  that  only  the  round  warping  end  of  the 
capstan  projects.  These  capstans  are  usually  constructed 
with  a  tractive  power  of  five  tons. 


AND   COAL   TRAN8PQIITINQ  APPLIANCKS. 

The  construction  of  ore  and  coal  unloading  appliances 
was  first  developed  in  the  Cnited  States;  an  arrangement 
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of  this  kind  being  indeed  necessitated  by  the  vast 
quantities  of  coal  and  ore  which  required  transportation 
n  the  harbours  or  ironworks  in  that  country.  The 
Brown  Hoisting  Company  was  the  pioneer  in 
this  respect,  and  has  earned  for  itself,  both  in  America 
and  in  Europe,  a  well-deserved  reputation.  The 
unloading  arrangements  correspond  in  their  general 
features  to  the  construction  aApted  by  the  Benrath 
Engineering  Company,  which  pays  special  attention 
to  the  avoidance  of  the  use  of  wire  ropes.  The  trans- 
port of  the  materials  upon  the  overhead  track  is 
effected  by  means  of  an  electrically  driven  trolley, 
equipped  with  a  hoisting  arrangement  of  simple  design. 
This  trolley  can  be  constructed  with  either  one  or  two 
jibs,  within  the  range  of  which  are  the  ship  at  the  one 
extremity  and  the  railway  track  at  the  other.  The  trans- 
porting capacity  of  the  Brown  conveyers  is  considerable, 
varying  between  80  and  100  tons  of  ore  or  coal  per  hour. 
It  is  a  further  advantage  of  this  system  that  for  the  mani- 
pulation of  the  entire  transporter  only  one  operator  is 
necessary.  Moreover,  after  each  lift  that  portion  of  the 
jib  projecting  over  the  ship  is  automatically  drawn  back, 
so  that  either  the  ship  can  be  warped  or  the  travelling 
bridge  be  moved  along  without  the  necessity  of  folding 
up  any  part  of  the  bridge. 

■LKCTRICALLY    DRIVKN    ORK-TRAN8POIITINQ 

ARRANOBIMKNT8    BKNKATH     THB    ORB     BIN8     AND 

THB    BLBCTRIC    BLAST-FURNACB    CHARQBR. 

After  the  ores  have  been  conveyed  to  the  ore  tipping 
ground  or  to  the  ore  bins  by  means  of  the  transporter 
previously  described,  it  is  an  essential  condition  that  the 
ore  and  coke  should  be  transferred  to  the  top  of  the  blast- 
furnace with  the  least  possible  handling  and  cost  of 
labour.  For  the  performance  of  this  work  also  electric 
energy  is  admirably  adapted. 

In  the  design  of  a  charging  apparatus  de- 
scribed by  the  author,  particular  attention  had 
been  paid  to  the  following  points  : — 

(i)  The  whole  of  the  mechanism  was  driven 
electrically. 


(2)  Hopper-shaped  trolleys  were  provided  to 
run  beneath  the  ore  bins. 

(3)  A  single  hoisting  arrangement  served 
several  blast-furnaces. 

Parallel  to  the  row  of  blast-furnaces  are  arranged  the 
two  ore  and  coal  bins,  which  are  filled  direct  by  the  ore 
transporter  or  from  the  railway  cars  on  a'  track  above 
them.  Below  these  bins  runs  a  hopper  trolley,  which 
can  be  filled  from  any  one  of  the  bins  above  it.  A  plat- 
form is  built  along  the  row  of  blast-furnaces,  which  convey 
the  hopper  to  the  hoist,  where  it  is  tipped  into  the 
hoisting  skip.  This  skip  is  attached  to  a  trolley, 
which  is  provided  with  a  hoisting  gear  and  runs  on  an 
elevated  track  above  the  blast-furnaces.  The  skip  after 
hoisting  is  conveyed  by  means  of  this  trolley  to  any  one 
of  the  furnaces,  and  the  contents  are  automatically  dis- 
charged on  to  the  bell.  Assuming  that  a  single  charge 
which  the  bell  is  capable  of  supporting  amounts  to  10 
tons,  the  arrangement  above  described  can  deal  with  a 
quantity  amounting  to  200  tons  per  hour. 

AN    BLBCTRICALLV  DRIVBN   TILTINQ  ARRANQBMBNT 

FOR  MIXBR8,  ORBN-HBARTH  FURNACB8,  AND 

CONVBRTBR8. 

For  this  purpose  also  electric  power  can  be  suitably 
applied.  The  large  heavy  pig-iron  mixers  were  hitherto  ^ 
operated  by  means  of  one  or  two  hydraulic  cylinders,  an 
arrangement  that  can  now  be  replaced  by  a  combination 
of  levers,  which  receive  their  motion  direct  from  a  motor 
and  crank.  The  motor  is  placed  as  far  as  possible  from 
the  mixer,  so  that  in  pouring  in  the  molten  metal  the  risk 
of  injury  by  the  splashing  of  the  metal  is  avoided,  and  it 
is  not  too  much  exposed  to  the  excessive  heat.  As  regards 
the  arrangement  of  motors  for  tilting  the  converter,  this 
is  in  accordance  with  the  details  previously  given  in  the 
case  of  the  mixer,  and  the*  power  is  transmitted  by 
means  of  spur-wheel  and  worm-gearing.  The  power 
necessary  for  tipping  the  mixer  or  for  tilUng  the  open- 
hearth  furnace  amounts  to  about  7  h.p.,  and  the  time 
required  for  the  performance  of  the  operation  is  not 
more  than   half  a   minute.    For  the  converter,  on   the' 
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BLAST-FURNACE  CHARGING  PLANT  OF  8'5-TONS  CAPACITY. 


other  hand,  since  the  contents  of  this  must  also  be 
lifted,  the  requisite  power  is  about  60  h.p.,  and  the  time 
in  this  case  is  about  one  minute. 

■LBOnilC    AD«IU8Tm    FOR    INQOT  CARS. 

In  most  of  the  Ame^ican  open-hearth  steelworks  the 
method  has  now  for  several  years  been  followed  of 
pouring  the  metal  direct  into  the  ingot  moulds  when 
standing  on  small  cars.  By  this  plan  the  whole  of  the 
time  and  labour  in  the  casting  pit  is  saved.  At  the 
Differdingen  works  also  this  system  was  introduced 
some  years  ago,  and  is  working  with  signal  success. 

The  charge  from  the  open-hearth  steel  furnace  is 
tapped  direct  into  a  casting  ladle,  and  is  conveyed  to  a 
platform  at  one  end  of  the  casting  shed.  Here  the  steel 
is  poured  into  the  ingot  moulds  mounted  on  the  cars, 
which  latter  are  drawn  forward  one  by  one  upon  a 
track  alongside  of  the  casting  platform.  In  order  to 
adjust  the  ingot  cars  without  moving  the  crane,  an 
electric  adjusting  gear  for  pulling  forward  the  cars  is 
provided,  and  an  arrangement  of  this  description  was 
constructed  for  the  Differdingen  works  by  the  Benrath 
Engineering  Company. 

THB  FUilTHKR  PROOBM  OF  HANDLING  INQOTg 
IN  SrULWORKS  BY  MKAN8  OF  O)  KLKOTRI- 
OALLY  DRIVKN  STRIPPING  ORANK8,  C2)  OOM- 
BINKD  80AKINQ  PIT  AND  STRIPPING  ORANB8, 
C3)    SOAKING    PIT    ORANK8. 

As  a  necessary  adjunct  to  the  above-mentioned  method 
of  the  direct  casting  of  ingots  upon  cars,  the  ingot 
stripper  plays  an  important  part.  Such  machines,  of 
various  design,  were  first  constructed  by  the  practical 
Americans.  In  the  latter  types,  electricity  as  the  driving 
medium  has  replaced  hydraulic  power.  The  difficulties 
which  had  to  be  overcome  in  order  to  adapt  electricity  to 
this  purpose  lay  in  the  fact  that  the  pressure  to  be  exerted 
is  very  considerable  in  order  to  force  out  the  hot  ingot 
from  the  ingot  mould.  By  the  employment  of  screwed 
spindles  the  problem  was  at  length  solved,  and  there  are 
now  several  such  ingot  strippers  with  screwed  spindles 
in  active  operation.  The  ordinary  electrically  driven 
inj*ot  stripper  only  draws  the  mould  from  off  the  ingot, 
and  afterwards  places  the  empty  mould  upon  another  car 


provided  for  the  purpose  in  the  neighbourhood,  Tliere 
is,  on  the  other  hand,  an  entirely  new  kind  of  con- 
struction, which  is  better  adapted  for  production  on  a  small 
scale.  This  is  a  combination  of  a  stripper  and  soaking  pit 
crane,  by  means  of  which  it  is  possible  first  to  strip  off  the 
mould  and  afterwards  to  pick  up  the  ingots  with  the 
same  tongs  and  convey  them  to  the  soaking  pits.  After 
reheating  they  are  extracted  and  carried  by  the  same 
crane  to  the  live  rollers.  An  electrically  driven  soaking 
pit  crane  with  automatic  gripping  tongs,  with  the  raising 
and  lowering  of  the  ingots  effected  by  means  of  a  screw^ed 
spindle,  and  one  operator  only  necessary  for  the  service 
of  the  crane  and  manipulation  of  the  tongs,  has  l>een  in 
operation  for  several  years  at  the  Differdingen  works, 
and  from  the  time  that  it  was  first  put  into  operation  has 
worked  admirably,  dealing  with  the  entire  production  of 
ingots  made  at  these  works. 

In  this  connection  might  be  mentioned  the  well-known 
charging  machine  for  open-hearth  and  horizontal  re- 
heat?tig  furnaces,  by  means  of  which  considerable 
econon7y  in  power  is  secured,  as  well  as  in  increased 
efficiency  of  the  steelworks.  These  machines  also  bear 
further  teslT^^ony  to  the  advantage  of  applying  elec- 
tricity as  a  souri^  of  power  in  the  steel-making  industry. 

■LKCTRIOAL    APPLIANCB    FOR    LIFTING    THB 
SOAKING    PIT    COVBR8. 

Among  the  more  recent  electrical  appliances  for  iron 
and  steel  works  may  be  mentioned  the  lever  combination 
for  raising  the  lids  of  soaking  pits.  By  the  adoption  of 
tljis  arrangement  hydraulic  cylinders,  which  ai*e  ordinarily 
used  to  pick  up  and  carry  away  tl?e  covers  of  these  pits, 
can  be  dispensed  with.  The  apparatus  is  constructed  to 
span  one  to  three  rows  of  soaking  pits,  and  is  able  to 
serve  a  very  large  numt)er  of  these. 

LIVB    ROLLER     DRIVING    GBAR. 

In  the  general  construction  of  electric  driving  gear  for 
live  rollers,  as  usually  carried  out,  two  motors  are  used 
for  the  heavier  roller  trains  for  ingots  or  for  long  trans- 
porting trains  of  rollers.  In  other  cases  a  simple  driving 
gear  with  one  motor  is  employed  for  standard  roller 
trains  of  lighter  construction.  These  trains  of  rollers  are 
so  well  known  that  to  describe  them  in  detail  here  would 
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HEATED  PIG-IRON   MIXER   (WITH   ELECTRIC  TILTING  ARRANGEMENT). 


be  superfluous.  It  is  only  necessary  to  remark  that 
this  method  of  driving  them  is  greatly  superior  to  the 
ordinary  methods  of  steam  driving.  It  has  unfortunately 
been  impossible  to  give  diagrams  and  other  data  in  con- 
nection with  these  electric  roller  driving  gears  on  account 
of  the  shortness  of  time  available,  but  the  author  hopes  on 
a  future  occasion  to  be  able  to  give  fuller  details. 

OOOQINQ  TRAIN  WITH  BLBOTRIOALLY    DRIVBN    LIVK 

ROLLKR  QKAR,  ROLL  8CREWiNQ  QKAR,  UP8KTTINQ 

AND  TRAN8FKRRINQ  QBAR. 

A  cogging  train  with  live  rolleni  illustrated 
by  Mr.  Kylberg  was  designed  exclusively  for 
electric  driving : — 


A  novel  arrangement  in  connection  with  this  cogging 
mill,  which  so  far  as  the  author  is  aware  has  never  hitherto 
been  put  in  operation  in  Europe,  is  the  electric  screw" 
gear  for  the  adjustment  of  the  upper  roll.  This  arrange- 
ment was  first  designed  in  1895  by  the  firm  of  Mackintosh 
Hemphill  and  Co.,  in  Pittsburg,  for  the  various  rolling 
mills  of  the  Bethlehem  Iron  and  Steel  Company.  At 
first  the  arrangement  consisted  of  an  electric  motor, 
placed  between  the  two  housings,  for  the  adjustment  of 
the  upper  roll.  A  great  difficulty  was,  however,  ex- 
perienced in  keeping  the  motor  cool,  on  account  of  the 
proximity  to  the  heavy  slabs  and  the  exposure  to  the  great 
heat  which  radiated  from  these. 

In  1889,  when  the  Bethlehem  steel  works  were  taken 
over  by  the   Carnegie   interests,  and  were  re-erected  in 
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COMBINED  PIT  AND  STRIPPING  CRANE. 


Homestead,  it  was  soon  found  necessary  to  alter  the 
method  of  driving,  and  the  whole  of  the  motors  for 
actuating  the  screwing  gear  were  placed  at  one  side  of 
the  building,  the  motion  being  transmitted  by  means  of 
belts.  This  system  was  further  modified  by  the  Well- 
man,    Seaver    Company,   who  constructed    an    electric 


adjusting  gear  in   which  one  motor  only  was  employed, 
which  was  fixed  on  the  outer  side  of  the  housing. 

These  adjusting  gears  were  inspected  by  the  author 
on  the  occasion  of  a  visit  to  Alabama,  near  Birmingham, 
and  their  working  was  all  that  could  be  desired.  The 
driving  was  effected  by  means  of  an  electric  motor  loo  h.p. 


COGGING  TRAIN. 
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The  arrangement  described  in  the  present  paper  has  the 
advantage,  as  compared  with  the  American  design,  that 
the  driving  of  the  screw  adjusting  gear  is  effected  by 
means  of  two  motors,  one  on  either  side  of  the  housing. 
Either  motor  can  be  cut  out,  or  they  can  work  together 
in  the  same  manner  as  described  in  the  earlier  portion 
of  the  paper,  by  which  means  the  speed  of  adjustment 
can  be  varied  as  desired.  The  system  of  two  motors 
ensures,  besides,  a  greater  precision  of  action,  and  in 
case  either  motor  is  incapacitated  from  any  cause,  the 
other  would  still  be  sufficient  to  perform  the  necessary 
work  of  adjustment. 

The  upsetting  and  "transferring  gear  is  also  electrically 
operated  in  many  instances,  and  the  hydraulic  arrange- 
ments hitherto  in  vogue  have  been  superseded. 

BLBCTRICALLV    DRIVKN     HOT    SAW. 

For  cutting  the  sections  as  they  come  from  the 
finishing  rolls  various  kinds- of  swinging  saws,  driven  by 
steam,  have  been  invented  In  all  these  arrangements  the 
advancement  of  the  saw  was  always  effected  by  means  of 
the  hydraulic  cylinder.  An  electric  counterbalanced  hot 
saw  is  made  intended  to  replace  the  hydraulic  cylinder » 
the  saw  itself  being  also  driven  by  an  electric  motor. 
With  this  hot  saw  girders  of  a  depth  of  550  millimetres 
(22  in.)  can  be  cut.  The  diameter  of  the  disc  is  1,500 
millimeters  (4  ft.  ii  in.),  and  the  velocity  at  the  periphery 
is  60  meters  per  second  (198ft.).  The  power  necessary 
for  driving  the  saw  is  about  60  h.p.,  and  it  is  capable  of 
making  five  cuts  per  minute. 

AOJU8TABLK  8TOP  FOR  RKQULATINQ  THK  LKNQTH 
OF    QIRDKR8   CUT   BY   THK    HOT   SAW. 

This  arrangement  is  exceedingly  convenient  for 
adjusting  the  length  of  the  material  to  be  cut  and  the 
length  of  the  different  sections  ;  it  permits  a  variation 
in  the  size  of  the  bars  of  5  metres.  A  7-h.p.  motor  is 
used  for  adjusting  the  stops  which  determine  the  length 
of  the  girder,  and  the  stops  can  be  traversed  throughout 
their  entire  range  within  half  a  minute.  The  bars  and 
girders  can,  therefore,  be  dealt  with  with  absolute  regu- 
larity as  they  come  finished  from  the  mill. 

HOT    BID  WITH    KLKOTRIC    TRANSFKRRINQ    GEAR. 

The  transport  of  the  sections  upon  the  hot  t)ed  can 
also  be  effected  by  an  electric  transferring  gear,  which 
is  actuated  by  wire  ropes  driven  by  a  motor.  An 
appliance  of  this  kind  presents  no  striking  novelty,  but 
is  worthy  of  mention  in  order  to  complete  the  enumera- 
tion of  the  various  mechanical  devices  employed  in  a 
steelworks.  These  gears  can  be  constructed  to  handle 
light  or  heavy  sections,  and  several  such  transferrers  can 
be  provided  in  one  hot  bed.  They  should,  however,  be 
independent  of  each  other,  and  a  separate  motor  of 
2  h.p.  can  be  supplied  fur  driving  them.  By  their 
means  girders  can  be  turned  over  and  placed  upright  if 
desired. 

KLKCTRICALLV  DRIVKN  LIFTING  TABLK  FOR  PLATS 
ROLLING  AND  WIRK  ROLLING  MILLS. 

An  example  of  this  is  furnished  by  a  universal  three- 
high  rolling  mill  with  an  electrically  driven  lifting  table 
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and  a  central  roll  adjustable  by  electrical  means.  Lifting 
tables  of  this  kind  have  been  in  successful  operation  for 
several  years  past  in  America,  and,  in  the  author's  opinion, 
the  employment  of  such  apparatus  in  European  steel- 
works would  be  extremely  advantageous.  A  rolling  mill 
equipped  with  lifting  tables  of  this  description  is  at  work 
at  the  Carnegie  Steel  Company's  works  in  Pittsburg,  and 
the  author  noted  on  the  occasion  of  his  visit  that  they 
were  capable  of  being  reversed  twenty  times  per  minute 
without  overstraining  the  motors  in  any  way.  In  general 
the  following  principle  may  be  taken  as  applicable  in  the 
standard  practice  of  electric  driving  in  ironworks  :  that 
the  motors  should  be  of  as  nearly  as  possible  the  same 
power  and  type.  By  this  means  the  cost  of  repair  is 
lessened,  and  the  changing  of  the  working  parts  when 
worn  out  can  be  more  easily  effected. 

In  conclusion,  the  paper  describes  the  advan- 
tages of  electrically  driven  rolling  mills  and 
cranes : — 

OANTIt^VKR  OIIANM. 

In  the  stock-yard  of  ^  large  ironworks  it  is  also  of 
considerable  advantage  to  employ  the  system  of  cranes 
known  as  cantilever  cranes,  which  traverse  the  whole 
length  of  the  yard,  and  are  so  constructed  that  the  pro- 
jecting arms  of  the  centre  crane  can  just  touch  the  outer 
extremities  of  the  two  outside  cranes.  By  means  of  this 
arrangement  the  expensive  structural  ironwork  for  long 
runways  can  be  dispensed  with,  and  the  entire  yard  can 
be  served  by  means  of  this  most  simple  arrangement.  A 
further  advantage  also  consists  in  the  great  economy  of 
power  in  transporting  comparatively  light  loads,  since  a 
single  heavy  crane  need  not  be  employed.  In  order  to 
reduce  as  much  as  possible  the  great  number  of  revolu- 
tions of  the  electric  motors,  a  worm-gearing  can  be  em- 
ployed with  advantage.  These  have  now  been  brought 
to  so  great  a  state  of  perfection  that  an  efficiency  of  90  per 
cent,  has  been  obtained. 


THE    APPLICATION    OF    ELECTRIC 

POWER  IN  THE  IRON  AND 

STEEL  INDUSTRIES- 

A  T  the  Diisseldorf  meeting  of  the  Iron  and 
-^^  Steel  Institute  an  instructive  paper  on  the 
above  subject  was  read  by  Mr.  D.  Selby-Bigge, 
of  Newcastle-on-Tyne.  In  placing  this  paper 
before  the  Iron  and  Steel  Institute,  the  author's 
one  endeavour  has  evidently  been  to  show  what 
:ire  the  immense  possibilities  and  advantages  to 
be  derived  from  carefully  considered  electric 
power  schemes.  He  has  succeeded  in  putting 
the  subject  forward  plainly  and  in  a  practical 
light,  the  thirty-two  pages  of  his  valuable 
contribution  containing  data,  information,  and 
subjects  for  much  thought  and  consideration. 


•AVINQt   KmOTBD  IN  WORKS. 

For  the  Hamburg  qua3rside  cranes  the  total  working 

expenses  were  as  follows :  Wages  for  cranesmen,  coal 

or  electric  current,  cleaning  and  oil  (excluding,  however, 

repairs)  per  ten  hour  run  per  crane,  taking  the  average 

during  the  year  : — 

Cost  per  Ten 
Hour  Run. 

1.  Brown  single  steam  crane    los. 

2.  Steam-winch  crane..'.  ...       „.  8a.  1893-94 

3.  Steam  crane  driven  throuKb  pipes 

Irom  steam  plants 12s. 

4.  Electric  crane 78.  1898 

In  1901  the  working  cost  of  182  Brown's  cranes  came 
to  IIS.  4d.  per  crane  per  ten  hour  run,  whereas  that  of 
the  electric  cranes  was  the  same  as  in  1898,  viz.,  7s. 

In  1898  the  .steam  cranes  lifted  i, 825,880  tons  in 
3i5t'o83  hours,  the  working  costs  amounting  to 
j^20,5i6  4s.,  so  that  the  cost  per  hotu*  (inclusive  of 
repairs)  amounted  to  410,324-7-315,083  =  1*302  shillings, 
or  about  is.  4d.  per  working  hour. 

The  cost  per  ton  lifted  would  be  0*2247  of  a  shilling,  or 
nearly  2f  d. 

.The  electric  cranes  lifted,  from  January  ist,  1898,  to 
September  30th,  1898,  77,697  tons  in  10,190  working  hours, 
the  costs  being  2,664  shillings  for  current  (2d.  per  K.W., 
hour)  and  4,462  for  wages,  etc.  Thus  for  one  ton  of 
goods  lifted,  the  cost  is  neau-ly  id. 

Taking  next  the  case  of  the  Westinghofise  Air  Brake 
Company,  Wilmerding,  Penn.,  U.S.A.,  the  boilers  in  this 
shop  were  formerly  driven  in  groups,  30  steam  engines, 
aggregating  1,375  h.p.  being  used  for  the  purpose.  The 
engines  were  supplied  with  steam  from  the  central  boiler 
plant.  For  this  system  was  substituted  an  alternating 
current  system,  the  generators  supplying  induction 
motors  driven  by  Parsons*  steam  turbines  ;  the  shafting 
used  was  divided  into  shorter  lengths,  and  the  30  engines 
were  replaced  by  57  motors,  aggregating  1,065  h.p.  In 
order  to  have  an  accurate  comparison  of  the  two  systems, 
several  tests  were  made,  extending  over  some  days,  with 
the  following  results  :  The  reduction  in  steam  consump- 
tion was  found  to  t>e  40  per  cent,  and  the  reduction  in 
coal  consumption  321%. 

Before  a  meeting  of  the  Franklin  Institute  in  1901,  Mr. 
Samuel  Vauclaln,  Superintendent  of  the  Baldwin  Loco- 
motive Works  at  Philadelphia,  U.S.A.,  stated  that  if 
electric  driving  in  their  works  should  be  abandoned,  the 
manufactured  product  would  cost  20  to  25  per  ceot  more 
for  lat>our,  and  the  floor  space  would  have  to  be  increased 
40  per  cent,  to  maintain  the  present  output 

At  a  large  colliery  in  South  Durham  the  pumps  were 
originally  of  the  spear  rod  type,  worked  from  bank,  and 
the  pumps  delivered  about  1,000  gallons  per  minute 
against  a  head  of  400  feet. 

Owing  to  the  room  which  these  pumps  occupied  in  the 
shaft,  and  it  being  desired  to  put  in  another  cage,  which 
could  not  be  done  with  the  pumps  in  the  shaft,  the  pumps 
were  removed  and  in  their  place  was  substituted  a  hori- 
zontal compound  coupled  engine  of  400  h.p.,  one  250 
K.W.  dynamo  arranged  to  drive  the  two  pumps  at 
present  installed,  also  an  additional  pump,  and  the  coal 
cutting  machines. 

This  machinery  was  placed  at  a  colliery  where  they 
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were  able  to  utilise  coke  oven  gas.  The  colliery  being 
1,000  yards  from  the  shaft  where  the  pumps  were 
originally  installed,  the  current  was  carried  overhead  by 
cables  and  down  the  shaft  by  two  sets  of  11  by  18  three- 
throw  pumps,  each  delivering  500  gallons  per  minute 
against  a  head  of  400  feet. 

It  is  estimated  that  the  saving  in  fuel  alone  is  over 
^1,500  per  annum  ;  in  addition  to  this  the  shaft  can  now 
t>e  used  for  winding,  and  the  output  of  the  colliery  very 
considerably  increased. 

In  one  of  the  collieries  in  Northumberland  the 
workings  were  pumped  by  means  of  seven  single-barrel 
pumps,  each  set  delivering  about  100  gallons  per  minutei 
these  pumps  being  driven  by  an  endless  wire  rope  from 
two  hauling  engines,  steam  being  supplied  by  locomotive 
boUers  underground. 

This  plant  was  taken  out,  and  in  its  place  was  sub- 
stituted a  horizontal  engine  with  automatic  triple  ex- 
pansion gear  driven  on  to  a  dynamo,  and  the  existing 
pumps  were  utilised,  the  pumps  being  driven  through 
machine-cut  worm  gear  by  6-h.p.  motors,  and  in  all  eight 
sets  were  so  arranged. 

The  total  cost  of  the  electric  plant,  exclusive  of  erection, 
was  a  little  over  j£3poo,  and  the  annual  saving  was  from 
;f  1,500  to  ;ti,8oo. 

The  author  then  proceeds  to  give  other  very 
interesting  examples  of  savings  effected  in  works, 
which  we  regret  we  have  not  space  to  repro- 
duce. 

CO8T  OF  PRODUCTION. 

The  author  has  frequently  been  asked  a  very  obvious 
and  reasonable  question,  viz.,  what  is  the  cost  of  produc- 
tion should  we  adopt  an  electric  plant  in  our  works  ?  In 
answer  to  this  the  author  has  drawn  upon  a  number  of 
cases  of  different  kinds  and  in  different  parts  of  the 
country,  showing  the  rate  at  which  the  works  owner  can 
generate  his  own  electricity.  These  figures  are  taken 
from  actual  examples  of  every-day  working,  and  are  not 
in  any  way  test  figures  taken  for  the  purpose  of  this 
paper.  Taking  these  figures  as  a  basis,  it  is  an  easy 
matter  for  a  works  owner,  once  having  ascertained  the 
total  horse-power  which  will  be  involved  in  the  driving 
and  lighting  of  the  entire  works,  to  see  for  himself  at 
what  expenditure  per  annum  he  can  run  his  works  upon 
the  new  system. 


OOftT  OF    KLKCTIIICITY    DKLIVKRKD   ON 
8WITOHBOARD. 

Test  of  iZ9h  hourSy  November  17th  to  i^rdy  1901,  Britannia 
Works. 


Mean  current  (amps.)  ... 
Mean  pressure  (volts)  ... 
Mean  power  (watts) 
Mean  electric  horse-power 
Board  of  Trade  units  „, 
Weight  of  steam  per  B.T.U. 
Weight  of  coal  per  B.T.U. 


3,464 

"5 

433.000 

580-4X 

60.403 

2752  lbs. 

3-04  lbs. 


Cost  per  B,T.U.  a. 

Coal  3*04lbs.  at  lis.  6d,per  ton...       m.  0*187 

Water  2752 lbs.  at  3jd.  per  1,000 gallons  000963 

Stores 0-00995 

Wages  006625 

Repairs*       ...        „.        ...        «.        ...  00159 

Superintendence 0*01192 

Net  cost  per  RT.U 

Interest  and  Depreciation  on  £iSfioo  at 
10  per  cent,  per  annum 


Cost  per  w«ek. 


0187  j647    4 


o 

286 
2  10  o 
16  13  3 
400 
300 


O'30065d.      £7$  15    9 
o-099d.  per  unit 


Cost  per  E.H.P.  per  Hour. 

Coal  2-27  lbs.  at  IIS.  6d.  per  ton      

Water  20*53  lbs.  at  s^d.  per  1,000  gallons ... 

Stores      

Wages    ...        

Repairs  ... 

Superintendence 

0*22423d. 

Meaa  I.H  P.  at  75  per  cent  efficiency,  773.     Coal  per  I.H.P.,  i*705lbs 
Water  per  I.H.P.,i54lbfc 

The  author  is  indebted  to  Messrs.  Richardson,  West- 
garth  and  Co.,  Ltd.,  W^  Hartlepool,  for  the  following 
information  on  the  subject  of  the  economy  effected  by 
the  introduction  of  electric  driving  into  their  works.  The 
following  Is  a  rough  summary  of  the  changes  which 
have  been  effected  : — 

These  works  were  formerly  driven  by  about  thirteen 
small  and  uneconomical  steam-engines  scattered  about  in 
different  places,  the  maximum  aggregate  indicated 
horse-power  of  which  would  approximately  be,  say,  300 
to  400. 

Steam  for  these  engines  was  furnished  by  a  battery  of 
twelve  boilers,  and  the  coal  consumption  for  the  driving 
of  the  works  was  approximately  100  tons  of  coal  per 
week. 

Five  years  ago  the  driving  arrangement  of  the  works 
was  remodelled  by  the  substitution  of  electric-motors  for 
the  various  engines — ^a  power-house  being  built  in  a 
central  position,  and  equipped  with  two  boilers,  each 
15  in.  by  10 in.,  two  dynamos,  each  of  about  400  i.h.p., 
and  one  small  machine  of  about  120  h.p. 

The  tools  throughout  the  works  are  now  giving  an 
output  at  least  of  30  per  cent,  in  excess  of  what  it  used  to 
be,  and  are  burning  from  50  to  60  tons  of  coal  per  week 
for  the  generating  station  boilers. 

The  above  facts  speak  for  themselves  with  regard  to 
the  economies  which  have  l)een  brought  about  by  the 
introduction  of  electric-driving  into  the  works. 

The  machinery  throughout  was  constructed  by  Brown, 
Boveri  and  Co.,  and  is  of  the  three-phase  alternating 
current  type. 

The  cost  of  renewal  and  repairs  over  the  period  during 
which  the  machinery  has  been  running  (five  years)  has 
been  extremely  small,  certainly  not  i  per  cent,  of  the 
value  of  the  installation. 

The  managing  director  of  a  large  engine-works 
informed  the  author  that  they  are  now  running  their 
works  on  7J  tons  of  coal  per  day,  and  are  employing 
800  men. 

Their  work  consists  of  fotir  distinct  yards,  all  yards  are 
driven  from  one' central  station,  and  in  the  old  method  a 

*  Includes  labour  of  keeping  134  arc  lamps  in  repair. 
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boiler  would  have  to  be  placed  in  each  department  or 
else  long  lines  of  wasteful  steam-pipe. 

1  heir  cost  of  production,  including  interest  and  depre- 
ciation on  capital,  is  0*46  of  a  penny  per  unit. 

At  a  shipyard  on  the  north-east  coast,  using  only 
112  h.p.,  the  cost  of  production  of  electricity  has  been 
lound  to  be  only  p"6  of  a  penny  per  electrical  horse- 
power per  hour,  this  figure  including  all  charges,  interest, 
and  depreciation. 

At  another  shipyard  on  the  north-east  coast  the  saving 
effected  by  the  substitution  of  elechicity  for  steam  driving 
shows  a  saving  of  43I  per  cent,  per  £  wages  paid  by  the 
adoption  of  electric  power. 

The  figures  are  as  follows  : — 

COST  OF  POWKR  PKR  £  WAQKS  PAID. 

Coal  and  Gas. 
May  2nd,  1893,  to  April  24th,  1894, 

Wages  ;f64,885 

Cost  of  power         2,337 

=  8*66d.  per  £  wages  paid. 

Elcctricify. 
April  30th,  1900,  to  April  30thy  1901. 

Wages  ;fi26,7oo 

Cost  of  power  2,578 

=  4*88d.  per  £  wages  paid. 

Taking  the  case  of  another  shipyard  which  was  pre- 
viously driven  by  gas  engines,  the  author  has  received 
the  following  particulars:  "We  have  no  hesitation  in 
saying  that  we  are  getting  at  least  30  per  cent  more 
power  out  of  our  machines  since  we  adopted  electric 
power  instead  of  the  gas  engines  we  used  before. 

"  As  far  as  the  cost  per  B.T.U.  goes,  we  have  lately 
had  readings  taken,  and  find  that  last  year's  works  out  at 
about  0*8  of  a  penny;  this  is  taking  into  consideration  the 
depreciation  on  our  plant,  interest  on  capital,  repairs,  and 
in  fact  everything  which  we  can  possibly  put  down 
against  this  account.*' 

The  average  output  would  not  exceed  250  to  300  horse- 
power. 

The  author  is  indebted  to  the  managing  director  of 
another  large  shipyard  in  the  North  of  England  for  the 
following  statement :  '*Some  years  ago  just  about  the 
time  when  we  first  introduced  electrically  driven 
machines  we  put  in  new  boilers  in  place  of  the  old  ones, 
and  while  it  must  be  remembered  that  the  new  boilers 
are  more  efficient  than  the  old  ones,  I  would  say  in 
general  terms  that  our  coal  consumption  has  been 
reduced  by  some  40  per  cent.,  although  the  amount  of 
machines  driven  electrically  is  now  greater  than  those 
which  were  formerly  driven  by  steam,  and  consequently 
the  reduction  may  be  even  greater  than  the  percentage 
I  mention  above." 

In  a  letter  the  author  has  received  from  Colonel  R.  E. 
Crompton,  he  states  : — 

'*  In  our  works,  which  are  on  a  somewhat  extended 
scale,  the  substitution  of  electric  driving  for  the  old  shaft- 
ing system  has  approximately  halved  our  bill  for  power  ; 
in  fact,  the  whole  of  the  driving  of  the  works  and  tools 
for  about  1,300  men  is  practically  supplied  by  one 
120  K.W.  set  fully  loaded,  and  it  is  only  when  we  are 


testing  that  we  have  to  run  two  sets  of  this  size,  whereas 
by  the  old  system  we  should  have  had  to  run  two  200  h.p. 
engines  continuously." 

In  summarising  the  above  cases,  it  is  obvious  that  the 
greatest  economy  results  in  the  substitution  of  electricity 
for  steam  in  those  cases  where  the  units  of  power,  both  in 
engines  and  boilers,  are  the  most  subdivided. 

There  are,  however,  enormous  advantages  to  be 
derived,  especially  in  the  case  of  intermittently  working 
machinery,  where  the  load  is  of  a  very  variable  nature, 
and  particularly  so  in  all  crane  work,  which  plays  such  an 
important  part  in  all  our  engineering  industries. 

MAOHINKRV   TKST8. 

The  author  then  gives  an  entirely  new  and 
complete  schedule  of  tests,  which  have  been 
carefully  and  accurately  obtained  by  members 
of  his  staff  during  the  past  few  months,  and  he 
trusts  that  engineers  and  managers  of  works 
may  find  these  figures  of  some  practical  service 
and  guide  to  them  in  deciding  upon  the  horse- 
power of  motors  to  be  adopted  for  the  driving 
of  various  classes  of  machinery.  The  list  will 
be  found  to  embrace  the  greater  part  of  those 
tools  usually  found  in  all  engineering  establish- 
ments. 

THK    DKVKLOPMKNT   OF    KLKdTRIO    P0WKR 
COMPANIU. 

During  the  past  two  years  great  activity  has  l)een 
displayed  in  England  in  the  formation  of  large  electric 
companies,  dealing  with  extensive  tracts  of  country  and 
covering  under  their  parliamentary  powers  vast  areas  for 
the  supply  of  electricity  in  bulk  to  tramway  companies, 
electric  light  companies,  works  owners,  and  for  manu- 
facturing purposes  generally. 

In  certain  cases,  and  under  favourable  conditions,  with 
regard  to  the  district  to  l>e  supplied,  these  companies  may 
meet  with  success,  but  in  many  cases  the  author  is  of 
opinion  the  matter  has  been  rushed  into  somewhat 
precipitately.  Taking,  for  instance,  a  district  of  a  fairly 
concentrated  character,  or  in  which  a  large  numt>er  of 
small  works  and  factories  exist,  absorbing  each,  say,  100 
to  200  horse-power,  it  might  be  found  that  with  the  power 
company  supplying  them  with  electricity  at  id.  per  unit 
it  would  be  more  profitable  and  convenient  to  them  to 
obtain  their  power  from  the  company  in  preference  to 
laying  down  their  own  plant.  In  cases  such  as  this,  the 
power  companies  should  have  a  good  field  before  them. 
When,  however,  the  power  company  enters  the  field  in 
districts  where  all  the  works  are  of  an  extensive  character, 
and  absorb  500  to  5,000 horse-power  in  electric  current  each, 
the  case  changes  its  aspect,  and  it  will  be  found  that  it 
will  be  more  profitable  for  the  works  owners  to  produce 
their  own  power. 

On  examining  closely  the  cost  of  production  of 
electricity  by  works  owners  in  their  own  works,  it  is 
quite  clear  that  with  generating  stations  of  400  horse- 
power   and    upwards,    equipped   with  economical  and 
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modem  appliances  in  the  shape  of  high-pressure  boilers, 
mechanical  stokers^  triple  expansion  condensing  engines, 
working  with  superheated  steam,  etc.,  the  cost  of  pro- 
duction should  not  exceed  ^d.  per  Board  of  Trade  Unit, 
inclusive  of  interest  and  depreciation  on  the  capital  out- 
lay. With  blast-furnace  waste  gases  this  figure  would  be 
still  less. 

The  author  is  of  opinion  that  in  the  case  of  power 
stations  in  works  dealing  with  1,000  h.p.  and  upwards, 
and  laid  down  upon  the  most  modern  lines,  this  cost  of 
production  can  be  reduced  to  0'4d.  per  B.T.U.,  as 
sliown  in  the  case  of  Messrs.  Dorman,  Long  and 
Co.'s  works. 

ADVANTAQKS    OF    WORKS    BKINQ  DRIVKN 
■LKCTRIOALLV. 

We  have  in  Great  Brttain  been  somewhat  slow  in 
making  use  of  all  the  advantages  which  electricity  has 
enabled  us  to  reap.  In  many  parts  are  to  be  found  the 
same  old  low-pressure  boilers,  which  have  done  service 
lor  the  past  thirty  years,  with  working  pressures  as  low  as 
15  lbs.  per  square  inch.  In  other  works  are  still  to  be 
found  the  same  old  beam  engines  constructed  in  the 
days  of  Watt  and  Stephenson.  Works  are  still  to  be 
found  in  which  over  100  small  high-pressure  and  non- 
condensing  engines  are  distributed  with  their  mileage 
of  steam  pipes  throughout  the  works— little  or  no 
attempt  having  been  made  to  improve  this  state  of 
affairs.  It  is  in  cases  such  as  these  the  author  trusts  this 
paper  may  be  of  service,  by  showing  clearly  and  in  a 
practical  manner  the  actual  result  which  would  accrue 
from  the  remodelling  of  the  driving  arrangements  upon 
the  electrical  method. 

In  no  country  have  we  finer  examples  before  us  of  the 
achievements  of  electricity  as  a  motive  power  than  in 
Germany,  and  we  must  all  admire  the  skill,  ingenuity 
and,  above  all,  the  enterprise  of  our  German  friends  in 
this  direction. 

There  are  many  outlying  advantages  which  would 
accrue  were  works  and  industrial  establishments  driven 
electrically.  There  would  be  an  enormous  reduction  in 
the  smoke  produced  in  large  manufacturing  centres,  and 
a  proportionate  increase  in  a  healthier  state  of  things  for 
the  inhabitants. 

In  these  days,  when  the  idea  of  coalfields  giving  out  is 
mooted,  there  would  be  a  perceptible  difference  in  the 
quantity  of  our  coal  consumption,  which,  although 
perhaps  unpalatable  to  the  coal-owner,  would  be  most 
welcome  to  the  manufacturer,  who  aims  at  the  lowest 
cost  of  production.  The  application  of  electric  power  to 
the  iron  and  steel,  engineering,  and  manufacturing  in- 
dustries in  Great  Britain  has  certainly  not  developed 
with  anything  like  the  rapidity  with  which  it  has  pro- 
gressed in  America  and  on  the  Continent. 

TMB    POSITION    OF    THK     KNQUSH    WORKS 
MANAQKR. 

Generally  speaking,  the  powers  and  responsibility 
vested  in  the  general  manager  of  a  works  in  England  are 
very  different  to  what  they  are  in  a  works  in  America. 
There  the  position  is  one  of  much  greater  latitude  in  the 
scope  of  innovations  and  improvements,  and  of  respon- 
sibility also. 


The  actual  result,  therefore,  is  that  improvements  and 
savings  are  rapidly  carried  out,  and  the  board  of  directors 
look  to  their  manager  for  the  expected  improvement  and 
savings,  owing  to  the  manager's  minute  knowledge  of 
the  details  of  the  scheme  he  is  putting  forward  and  his 
great  sense  of  responsibility  in  the  matter.  In  the  author's 
experience  in  dealing  with  firms  in  England,  he  has  most 
frequently  been  struck  with  the  small  scope  of  initiative 
action  allotted  to  the  works  manager,  nearly  every  inno- 
vation and  improvement  being  referred  to  the  l)oard  of 
directors.  This  in  a  very  large  degree  appears  to  be  the 
cause  of  a  retarding  influence  on  electric  power  progress 
in  our  country. 

In  brief,  the  scope  and  responsibility  vested  in  the 
works  manager  in  America  is  very  different  to  that 
allotted  to  the  works  manager  in  England.  The  board 
of  directors'  decision  is  responsible  for  the  results 
obtained,  and  the  works  manager  carries  out  the  wishes 
of  the  board ;  on  the  other  side  the  works  manager  is 
directly  responsible  to  the  board  for  the  innovations  that 
have  been  carried  out. 

There  is  one  point  that  has  most  forcibly  struck  the 
author  in  dealing  with  improvement  schemes  for  works. 
Outside  of  our  own  country  he  has  invariably  been  met 
with  a  first  question,  "  What  is  the  saving  to  be  effected 
under  the  proposed  scheme.'"  In  England  the  first 
question  put  is,  "  What  is  the  cost  going  to  be  ?  *' 

Both  are  naturally  very  important  considerations,  but 
many  is  the  time  that  really  great  and  immediate  savings 
have  l>een  left  unconsidered  by  that  one  glance  at  the 
first  cost,  and  the  documents  have  been  pigeon-holed  and 
shelved,  only  to  be  brought  out  when  absolute  necessity, 
not  real  enterprise,  compelled  them  to  be  resorted  to 
again. 

In  the  many  uses  to  which  electricity  has  been  applied 
as  motive  power,  none  has  proved  more  suitable  than  its 
application  to  shipyards,  dockyards,  and  other  works  of 
this  description  possessing  a  great  number  of  scattered 
and  intermittently  working  machines.  Our  great  dock- 
yards both  at  home  and  abroad  offer  a  case  in  which 
enormous  savings  could  be  effected.  The  reduction  in 
working  costs^of  a  number  of  shipyards  with  which  the 
author  is  acquainted  has  varied  between  30  per  cent,  and 
60  per  ceut.  If  this  same  saving  could  be  effected  in 
similar  establishments,  such  as  our  Government  dock- 
yards, the  result  would  be  highly  beneficial  to  the 
country. 


THE    PRCXJRESS   AND 

MANUFACTURE'  OF    PIG    IRON  IN 

GERMANY    SINCE    1880* 

At  the  Diisseldorf  meeting  of  the  Iron  and 
Steel  Institute,  Mr.  W.  Briigmann,  ot  Dortmund, 
read  a  notable  paper  dealing  with  the  unpre- 
cedented development  of  the  German  iron 
industry. 

A  comparison  of  the  entire  world's  production  of  pig 
iron  (18,300,000  tons)  in  1880  with  that  given  for  1901 
(over  39,000,000    tons)  shows  that  in  this    period    the 
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production  of  pig  iron  has  been  more  than  doubled.  Almost 
the  whole  of  this  increase  may  be  apportioned  between 
the  two  countries,  Germany  and  the  United  States.  In 
1880,  the  United  States  ranked  second  among  the  iron- 
producing  countries,  with  a  production  of  3,895,000  tons, 
equal  to  half  the  production  of  Great  Britain  at  that  time, 
and  Germany  occupied  the  third  place,  with  2,729^000 
tons,  or  about  one-third  of  the  English  output.  In  the 
year  1900  there  were  produced  in  America  14  million 
tons  ;  in  England  8962  million  tons  ;  and  in  Germany 
8-35I  million  tons.  The  production  of  ithe  United  States 
is  therefore  more  than  three  and  a  half  times,  and  that  of 
Germany  more  than  three  times,  greater  at  the  present 
time  than  in  1880,  while  that  of  England  shows  but  a 
moderate  increase. 

The  author  then  touches  briefly  upon  the 
conditions  which  have  led  to  the  vast  increase 
in  the  manufacture  of  pig-iron  in  Germany. 

Notwithstanding  the  unprecedented  development  of  the 
German  iron  industry,  the  blast-furnace  works  of  the 
country  have  not  been  able  to  meet  the  demand.  In 
the  last  ten  years,  1891  to  1900,  the  excess  imports  have 
amounted  to  i*8  million  tons  of  pig  and  scrap  iron.  It 
must,  however,  bt  borne  in  mind  here  that  the  favourable 
condition  of  the  iron  industry  during  the  last  few  years 
has  had  much  to  do  with  this,  since  of  that  quantity  more 
than  one  million  tons  were  imported  during  the  two  years 
1899  and  1900.  It  is  probable,  however,  that  in  the  suc- 
ceeding years  a  change  will  occur,  since  in  1901  the 
exports  exceeded  the  imports  by  100,000  tons,  and  in  the 
first  half  of  1902  by  356,000  tons. 

Mr.  Briigmann  then  takes  seriatim  the  follow- 
ing seven  districts,  and  gives  numerous 
statistics  concerning  the  iron  smelting  works 
there  established : — 

(i)  Rhenish  Westphalia,  exclusive  of  the 
Saar  district  and  the  Siegerland  ;  (2)  The 
Siegerland,  the  Lahn  district,  ^nd  Hesse- 
Nassau  ;  (3)  Silesia  and  Pomerania ;  (4)  The 
kingdom  of  Saxony ;  (5)  Hanover  and  Bruns- 
wick ;  (6)  Bavaria,  Wurtemberg,  Thuringia ; 
(7)  The  Saar  region,  Lorraine,  and  Luxem- 
burg. 


THK    MBOHANIOAL   APPUANOKS   OP 
BLA8T*rURNAOKS. 


The  improvements  in  the  mechanical  appliances  of 
German  blast-furnaces  are  best  judged  by  the  fact  that 
the  workmen  employed  in  the  blast-furnace  industry  in 
1880  numbered  22,000.  At  the  present  day  some  35iOOO 
are  employed,  notwithstanding  the  production  being  more 
than  treble  that  of  the  previous  period.  The  improve- 
ments in  the  appliances  for  transport  of  raw  materia]  and 
iron  have  chiefly  contributed  to  this  reduction  in  the 
proportion  of  manual  labour. 


Extensive  shunting  stations  with  central  signal-boxes, 
and  weigh-bridges  with  hydraulic  or  electric  counter- 
balancing  arrangements,  have  been  laid  out.  By  means 
of  these  the  long  trains  of  ore  waggons  can  be  conveyed 
in  a  minimum  oi  time  to  the  raised  tracks  laid  over  the 
ore  tipping  ground.  It  is  particularly  essential  that  those 
works  situated  in  the  coal  district,  which  obtain  their  ore 
from  abroad,  should  possess  facilities  for  stocking  several 
cargoes  within  a  few  days.  The  necessary  space  for 
stocking  large  quantities  in  ore-bins  is  generaUy  provided 
beneath  the  tracks  on  to  which  the  ore  waggons  are 
run.  The  waggons  themselves  for  transporting  the  ore 
are  self-discharging,  being  fitted  with  flap  side-doort 
The  Talbot  waggon  is  arranged  to  discharge  its  load  on 
either  side  of  the  track. 

Unloading  appliances  of  American  type  (Hunt  and 
Brown)  are  employed  to  convey  the  ore  from  the  hoWs 
of  vessels  to  the  furnace-yard.  The  Krafftwerk  at 
Kratzwieck,  near  Stettin,  the  Vulcan  at  Duisborg,  the 
Krupp  works  at  Rheinhausen,  the  Union  Company  at 
Dortmund,  all  have  installations  of  this  kind. 

Aerial  wire  ropeways  exist  in  almost  every  ironworks. 
The  firm  of  Pohlig  and  that  of  Bleichert  have  constructed 
a  number  of  remarkable  systems  of  ropeways.  These 
are  often  employed  to  convey  the  ore  or  coke  direct  to  the 
top  of  the  furnaces,  or  for  Uie  removal  of  the  crushed  slag. 
At  the  Henrichshutte  at  Hattingen  the  whole  of  the  raw 
material  is  carried  to  the  blast-furnace  by  means  of 
these  suspended  tracks. 

Where  it  is  not  the  practice  to  grind  the  slag,  it  is  got 
rid  of  by  pouring  it  into  tubs  on  tipping  waggons  of 
alKHit  ten  tons  capacity  ;  or  it  may  be  removed  in  ladle 
waggons  similar  to  those  for  liquid  metal.  The  waggons 
are  very  often  of  standard  wheel  gauge.  A  number  of 
these  have  been  built  by  the  Junkerather  Company. 

Owing  to  the  certainty  with  which  the  phosphorus, 
the  heat-agent  in  the  basic  process,  can  be  introduced 
into  the  pig  iron,  the  practice  of  conveying  the  iron  in  the 
liquid  state  from  the  blast-furnace  to  the  steelworks  has 
been  everywhere  adopted  where  the  local  conditions 
were  favourable.  Mixers  with  tilting  arrangements, 
which  contain  up  to  250  tons  of  metal,  are  also  installed 
at  almost  all  these  works.  Among  many  other  advan- 
tages attending  the  transport  of  liquid  metal,  not  the  least 
is  the  great  economy  in  labour  gained  thereby.  Under 
these  altered  conditions  the  term  '*  pig  iron,"  familiar 
also  among  German  iron-workers,  certainly  appears  to 
lose  its  significance.  Casting-machines  have  not  been 
adopted  in  Germany,  for  the  reason  that  almost  all  the 
iron  is  sold  according  to  analysis,  or  is  at  least  carefully 
sorted. 

In  recent  years  the  exterior  of  the  blast-furnace  has 
undergone  considerable  modification.  The  heavy  cast- 
iron  columns  supporting  the  cast-iron  bearer  plate  are 
now  seldom  used,  nor  is  the  framework,  consisting 
mainly  of  four  corner  columns  carrying  the  top  charging 
platform.  In  the  newer  installations  eight  columns  are 
arranged  round  the  furnace-body,  standing  upon  the 
foundation  below  the  free-standing  hearth.  These  are 
carried  up  to  the  charging  platform,  and  the  wrought-iron 
bearer  plj^te  is  supported  on  brackets  projecting  from 
them,  also  the  platform  giving  access  to  the  tap-hole  and 
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the  tuyeres.  The  casing  of  the  hearth  and  boshes  is  con- 
structed of  strong  rivetted  plates,  though  it  often  occurs 
that  the  lx)$hes  are  constructed  with  cooling  rings  and 
wrought-iron  hoops.  The  furnace-body  is  held  together 
by  strong  hoops.  The  expansion  of  the  furnace-body 
is  provided  for  by  means  of  stufiBng  boxes  beneath  the 
charging  flatform.  At  some  works  the  furnaces  are 
built  of  bricks  of  small  dimensions,  laid  with  cement. 
Carbon  bricks  are  also  much  used.  Mr,  Burgers,  of 
Schalke,  has  constructed  a  furnace  at  the  Vulcan  Works, 
the  body  and  bosh  of  which  consist  of  cast  iron,  lined 
with  fire-brick.  This  furnace  has  been  nearly  three  years 
in  operation,  and  the  working  has  been  perfect,  even 
though  he  has  blown  hot-working  iron  alloys,  such  as 
ferro-silicon .  A  model  of  this  furnace  is  shown  in  the 
Exhibition.  At  the  Hoerde  Works,  Mr.  Von  Vloten  has 
placed  at  the  tuyere  level  a  ring  formed  of  water-cooled 
bronze  wind  boxes,  which  rests  on  a  heavy  ring-casting. 
The  dimensions  of  the  newer  bla&t-f  urnaces  in  the  coal 
district  and  the  minette  region  vary  in  the  following 
degree : — 

Metres. 
22  to  25  (72  to  82  feet). 

4  to   5  (13  to  i6i  feet). 

6  to  7  (i9i  to  23  feet). 

3*5to4-5(iilto  18  feet). 


BLAST     FURNAOC   WORKf    AT  HOBIIDK, 


Height        .        - 
Diameter  of  throat 
Diameter  at  the  bosh  - 
Diameter  of  the  hearth 


DAILY  OUTPUT  Or  THE  OSRMAN  BLAST-PUKNAOSS. 

As  regards  the  daily  output  of  the  German  blast- 
furnaces, this  amounts  to  about  200  tons  per  furnace  per 
day.  In  the  minette  district  it  averages  somewhat  less 
and  in  the  coal  district  a  little  more.  Much  higher  pro- 
ductions are  achieved  in  individual  cases.  An  inquiry 
addressed  to  the  Deutscher  Kaiser  Company  elicited  the 
reply  that  iji  1902  the  daily  output  of  one  furnace  had 
been  518  tons,  while  the  combined  output  of  four  other 
furnaces  Was  1,661  tons,  Or  415  tons  per  furnace.  The 
extraction  from  the  ore  mixed  with  flax  charged  was 
4^  per  cent 

The  employment  of  labour  at  the  blast-furnaces  varies 
exceedingly,  so  that  comparative  data  are  scarcely  obtain- 
able. To  add  to  the  difficulty,  the  particulars  submitted 
by  the  works  frequently  include  the  industries  connected 
with  iron-making,  sud^  as  coke-making,  brick  factoriesi 
€tc  Again,  those  works  which  manufacture  every  kind 
of  iron  natm^ly  have  to  stock  ores  of  all  kinds  on  a  large 
scale,  which  increases  the  cost  of  transport  of  raw 
material.  Finally,  those  blast-works  which  treat  the  pig 
iron  in  the  liquid  state  can  economise  considerably  in 
labour. 

Still,  the  figures  for  some  of  the  works  may  be  of 
interest :— 


1 

j  Jan.  I  to  June  30, 1902. 

1 

Production. 

Number  of 
Workmen. 

Output  per  man 
per  year. 

1 

;  Deutsche-  Kaiser  Co.... 
,  Hoerde  Vcrrin 

Tons. 
208,651 
255.730 

Z 

Tons. 

419 
373 

Year. 

Production  of 
■    Iron. 

No.  of  Workmen 
Employed  at  the 
Blast-rurnaces. 

Tons. " 

1880-81         

nai^ 

602 

1881-82         

82,204 

595 

1882-83         

19,048 

583 

1883-84        

94,078 

659 

1884-85        

99,442 

558 

1885-86        

106468 

549 

1886-87         

91,256 

574 

1887-88         

131,633 

S13 

1888-89        

121,898 

470 

1889-90         

134,785 

478 

1890-91         

122,618 

478 

1891-92         

147,500 

497 

1892-93         

146,570 

491 

1893-94        

178,762 

517 

1894-95         

181,241 

565 

1895-96         

215,835 

583 

1896-97         

218,640 

581 

1897-98         

239,990 

694 

1898-99        

250,956 

645 

1899-I900    ... 

274,099 

772 

1900-01         

279,444 

800 

1901-02         

255,720 

685 

The  maximum  output  at  anyone  furnace  at  Hoerde  was 
238  tons. 


The  following  data  were  also  given  by  the  kindness  of 
tbe  Hoerde  Verein  : — 


PROGRESS    IN    STEELWORKS 

PRACTICE    IN    GERMANY 

SINCE    1880. 

Mr.  R.  M,  Daelen,  of  Dusseldorf,  read  a 
valuable  paper  on  the  progress  of  the  steel 
industry  in  Germany,  before  the  Iron  and  Steel 
Institute,  giving  in  as  brief  a  space  as  possible, 
an  account  of  the  recent  progress  and  more 
important  improvemenis  which  have  been 
effected  in  the  production  of  steel  on  a  large 
scale. 

Since  the  last  occasion  on  which  the  Iron  and  Steel 
Institute  visited  Germany  in  the  year  1880,  a  notable 
development  has  taken  place  in  the  production  of  steel  in 
this  country,  and  to-day  again,  as  formerly,  the  Industrial 
Exhibition  of  the  Rhine  Provinces  and  Westphalia  affords 
a  fitting  opportunity  for  taking  note  of  the  progress 
which  has  been  achieved  in  recent  years. 

MCTHOD8  IN  U8K  FOR   THK  TREATMKNT  OP  STEKL. 

After  a  brief  review  of  the  general  situation 
in  the  German  iron  industry  the  author  says  : — 

Returning  now  to  the  methods  in  use  for  the  further 
treatment  of  steel,  it  will  be  found  that  the  older-estab- 
lished works  have  for  the  most  part  retained  the  well- 
known  system  of  casting  ingots,  consisting  of  a  hot-metal 
ladle  carried  either  on  a  blewing  or  travelling  crane,  and 
successively  placed  above  the  stationary  ingot-moulds. 
On  the  other  hand,  only  a  few  of  the  more  modern  works 
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have  adopted  the  reverse  method  of  drawing  the  ingot- 
moulds  along  beneath  a  stationary  ladle,  combined  with 
which  process  is  also  the  forcing  out  of  the  ingots  from 
their  moulds  by  mechanical  means. 

The  latter  method  does  not  permit  of  filling  several 
moulds  at  once  by  bottom  pouring,  and  its  adoption  has 
extended  according  to  the  ability  to  roll  rough  ingots  at 
one  heat  into  finished  products  such  as  wire,  rods,  small 
sections  and  plates,  which  formerly  had  to  be  reheated 
after  one  rolling.  By  this  means  in  many  works  the 
blooming  rolls  are  dispensed  with,  an  arrangement,  how- 
ever, which  is  only  profitable  where  the  daily  production 
is  a  perfectly  regular  one,  such  as  is  usual  m  the  very 
large  basic  Bessemer  steel-works. 

It  is  the  special  aim  in  these  works  to  roll  down  the 
ingot  at  the  original  heat,  that  is,  by  the  use  of  the  Gjers 
non-fired  soaking-pits.  The  Gutehoffnungshiitte  first 
developed  this  system,  and  at  these  works  the  ingots* 
after  passing  through  the  blooming-mill,  are  rolled  without 
any  reheating  into  sections,  rails,  and  sleepers  in  a  three- 
high  mill.  The  results  were  so  successful  that  other 
works  have  now  followed  the  same  plan.  The  steel 
manufactured  by  the  basic  process  can  be  removed  trom 
the  moulds,  and  plunged  in  the  plain  soaking-pits  sooner 
than  that  blown  in  acid-lined  converters,  a  fact  which 
tells  in  favour  of  the  system.  It  is  also  necessary  to 
provide  a  means  of  transferring  the  ingot  from  the 
blooming  rolls  to  the  finishing  rolls  as  rapidly  as  possible. 
When  this  cannot  be  done,  as  in  the  case  of  such  works 
which  have  no  blooming-mill,  soaking-pits,  fired  on  the 
Siemens  regenerative  principle,  arc  employed,  though 
the  disadvantage  then  arises  that  the  entire  charge  is 
heated  at  one  time,  and  that  the  subsequent  introduction 
of  cold  ingots  has  the  undesirable  effect  of  cooling  those 
still  remaining  in  the  pits.  To  obviate  this  difficulty  many 
works  employ  in  connection  with  the  soaking-pits  the 
rolling  furnace  of  Helmholtz,  of  Ruhrort,  with  a  very  long 
hearth  and  fired  at  one  end,  in  which  the  ingots  are 
carried  forward  to  meet  the  flames.  But  this  apparatus 
necessitates  too  much  hand  labour,  besides  being  pro- 
ductive of  considerable  waste  of  metal,  and  on  this 
account,  since  the  prevailing  requirement  is  a  uniform 
method  which  ensures  the  heating  of  cold  ingots 
and  the  preservation  of  heat  in  the  hot  ingots,  the 
American  continuous  reheating  furnace  with  pushing 
gear  has  latterly  been  introduced  in  several  places,  the 
results  of  which  are  more  satisfactory. 

The  use  of  electric  motors  for  driving  rolling-mills  is 
at  present  very  limited,  and  will  probably  only  be  adopted 
in  cases  where  the  electricity  is  generated  more  cheaply 
than  is  possible  by  steam  power.  It  is,  however,  now 
very  largely  used  for  driving  the  auxiliary  machinery 
about  the  mills,  and  it  is  generally  regarded  as  certain 
that  in  modern  works  it  will  entirely  supersede  the  low- 
pressure  hydraulic  machinery  which  formerly  was  in 
common  use.  Still,  it  must  be  admitted  that  the  same 
precision  of  movement  in  cranes  and  hoisting  gear  is 
certainly  not  attainable  by  electric  means,  and  for  this 
reason  many  practical  engineers  of  iron  works  still  have 
a  preference  for  low-pressure  hydraulic  power,  especially 
as  the  machinery  which  gives  it  effect  is  constantly  being 
improved. 
In  general,  it  may  be  observed  that  the  German  steel- 


works and  rolling-mills  are  compelled  to  bestow  strict 
attention  on  their  plant  and  their  practice  in  order  to 
meet  the  requirements  of  their  market— these  are  of 
a  diverse  nature,  and  orders  for  one  quality  or  form  oi 
product  are  by  no  means  of  the  same  magnitude  here  as 
is  often  the  case  in  the  same  industry  in  other  countries. 
In  arranging  the  buildings  and  machinery,  the  chief  aim 
to  keep  in  view  is  accordingly  not  only  a  large  daily 
output  and  the  saving  of  labour,  but  it  consists  rather  in 
devising  how  to  do  work  at  remunerative  rates  even  with 
apparatus  an*d  machines  of  medium  productive  capacity, 
and  with  frequent  changes  in  the  kind  of  material  sup- 
plied. If  on  this  account  the  German  works  are  less 
imposing  as  compared  with  modern  installations  abroad, 
we  can  console  ourselves  with  the  reflection  that  circum- 
stances must  be.  adapted  to  meet  conditions,  and  that 
limits  can  be  set  to  all  competition,  however  much  this 
may  be  feared. 

THE  POSSffilLITIES  OF  ''WIRELESS^ 

TELEGRAPHY* 
TN  the  Monthly  Review  for  September  Mr. 
-*-  Charles  Bright,  C.E.,  F.R.S.E.,  deals  with 
the  above  subject.  His  article,  he  says,  has  a 
double  object :  First,  to  show  that  **  wireless" 
telegraphy  cannot  at  present  be  regarded  as  a 
serious  competitor  with  cable  telegraphy  on  a 
commercial  basis  ;  and,  secondly,  to  point  to  the 
varied  possibilities  of  aetheric,  or  so-called 
"  wireless "  telegraphy,  even  in  the  form  we 
now  know  it : — 

The  somewhat  dramatic  policy  pursued  by  Mr.  Marconi 
has  one  advantage,  if  no  other.  It  arouses  attention  to 
scientific  possibilities — even  if  of  the  future — ^in  a  direction 
that  the  ordinary  dividend-seeker  of  this  country  has  not» 
as  a  rule,  shown  himself  capable  of  appreciating  or  of 
interesting  himself  in.  On  the  other  hand,  there  is 
a  certain  irony  attached  to  Mr.  Marconi*s  selec- 
tion ol  the  three  dots  representing  the  letter  S 
for  his  Atlantic  experiments  ;  for,  apart  from  simplicity. 
it  is  just  three  such  S's  that  spell  sureness,  speed,  and 
secrecy — the  three  factors,  which,  at  present,  prevent 
jetheric  telegraphy  seriously  jeopardising  submarine 
cable  enterprise.  By  way  of  substantiating  the  latter 
statement^  we  must  turn  from  the  pre-arranged  Atlantic  S 
signals  (not  messages),  about  which  we  have  no  details, 
to  Mr.  Marconi's  best  attainments  in  actual  and  accurate 
messages  between  ships  and  between  ship  and  shore,  at 
a  maximum  distance  of  about  250  miles,  under  more  or 
less  favourable  conditions.  This,  be  it  noted,  is  a  vcn- 
different  sort  of  thing  to  surmounting  the  earth's  curxTiture 
across  the  Atlantic,  corresponding  to  a  mountain  over  100 
miles  high.  The  difference  should,  moreover,  be  realised 
between  catching  a  few  more  or  less  pre-arranged  signals 
across  the  Atlantic,  and  that  of  an  Atlantic  cable  s>'stem 
working  continuously  at  a  duplex,  automatic  speed  of 
nearly  100  words  a  minute,  90  per  cent,  of  which  are 
cipher  and  code  messages. 

The  Marconi  system,  which  has,  so  far,  done  most  o( 
the  practical  work  in  wireless  telegraphy,  is  fundamentally 
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based  on  the  coherer  receiving  relay,  which  is  an  exces- 
sively sensitive  and  delicate  instrument.  Whilst  having 
obvious  advantages,  an  apparatus  of  this  character  is,  of 
necessity,  extremely  liable  to  get  out  of  adjustment.  For 
this  reason  it  is  somewhat  unreliable  and  apt  to  give 
confused  and  false  signals.  The  Marconi  coherer  of  1896 
is,  moreover,  more  or  less  readily  affected  by  its  surround- 
ings and  general  conditions,  including  atmospheric  and 
other  natural  and  electric  disturbances.  Thus,  Mr. 
Marconi's  Atlantic  experiences  have  been  sometimes 
attributed  to  this  cause  alone — atmospheric  "  strays,"  and 
the  question  has  naturally  been  raised  as  to  how  the 
apparatus  would  behave  in  the  presence  of  a  lightning 
storm.  To  these  objections  no  very  satisfactory  answer 
is  forthcoming  at  present  ;  and  until  further  particulars — 
indeed,  proofs — are  available,  it  is  not  unnatural  that  im- 
partial authorities  should  question  the  likelihood  of 
Marconi's  system  becoming  a  practical  commercial  tele- 
graph for  bridging  long  distances. 

Mr.  Bright  then  proceeds  to  deal  with  the 
important  consideration  of  the  secrecy  of  **  wire- 
less "  messages : — 

Perhaps  the  most  important  question  in  connection 
with  the  practical  advancement  of  wireless  telegraphy 
just  now  is  to  what  extent  syntony  can  be  usefully  applied 
lor  guarding  against  foreign  influences  in  the  form  of 
interruptions,  *'  eavesdropping,"  and  errors  due  to 
natural  causes  or  otherwise.  The  mutilation  of  messages 
by  an  intervening  party  was  forcibly  illustrated  during 
the  famous  Shamrock  II.  and  Columbia  yacht  race  of  last 
year,  as  well  as  on  other  occasions  ;  but  it  is  believed 
that  Mr.  Marconi  has  effected  considerable  improvements 
in  tuning  the  period  of  oscillation  in  his  recent  receiver, 
and  his  Lizard  Station  is  said  now  to  be  more  or  less  un- 
affected by  the  large  electric  power-house  seven  miles 
off.  It  would  appear,  however,  that,  without  a  monopoly 
of  the  atmosphere  or  an  absolutely  perfect  screening 
no  "wireless"  apparatus  could  be  really  free  from 
surrounding  conditions  and  the  effect  of  other  instruments 
to  which  no  limit  can  be  placed.  For  this  reason  it  has 
been  doubted  (i)  whether  there  is  any  money  in  the 
invention  as  a  system  of  commercial  telegraphy  ;  and 
{2)  whether  it  is  likely  to  prove  useful  on  a  large  scale 
for  strategic  purposes.  There  seems  to  be  no  question 
about  the  possibility  of  "  tapping  "  a  message  at  will — at 
any  rate,  with  an  untuned  receiver.  On  the  other  hand, 
there  appears  to  be  no  absolutely  sure  means  as  yet  of 
preventing  a  third  party  (or  climatic  conditions)  effecting 
such  interruption.  Whilst  it  is  perfectly  true  that  by  the 
use  of  a  code  the  secrecy  of  messages  is  to  a  great  extent 
assured,  it  may  reasonably  be  doubted  whether  aetheric 
telegraphy — as  yet,  at  any  rate— is  sufficiently  reliable 
and  accurate  for  code  or  cipher  work.  To  render  wire- 
less telegraphy  a  really  practical  business  and  an  efficient 
means  of  "  All-British  "  communication  in  times  of  war 
as  in  peace,  the  following  conditions  will  require  to  be 
attained  :  (i)  The  apparatus  must  be  capable  of  being 
"tuned"  to  a  certain  pitch — i.c.^  a  certain  number  of 
vibrations  in  a  given  time — in  such  a  way  that  the  mes- 
sage is  strictly  confined  to  that  particular  receiver ;  (2) 
On  the  other  hand,  to  meet  naval  requirements,  the 
apparatus   on  board    a  warship   should  be   capable  of 


picking  up  the  tune  of  any  of  the  enemy's  ships  ;  (3)  Yet 
again,  means  will  have  to  be  found  for  overcoming  the 
possibility  of  a  message  being  rendered  a  mere  jumble 
by  the  intervention  of  a  third  party,  or  of  the  elements. 

Discussing  the  practical  uses  to  which  "  wire- 
less "  telegraphy  may  be  put  to  in  the  future,  he 
,  remarks  : — 

From  a  strategic  point  of  view,  as  well  as  from  a 
general  maritime  and  life-saving  standpoint,  Great  Britain 
and  Ireland  should  be  provided  with  a  complete  system 
of  telegraphic  communication  round  the  entire  coast, 
putting  every  coast  station  into  connection  with  various 
inland  centres  and  military  stations.  'It  is  a  piece  of  work 
which  would  be  most  effectively  accomplished  by  wireless 
methods  in  preference  to  overhead  lines,  assuming  for  the 
moment  that  the  strategic  requirements  set  forth  in  this 
article  could  be  met.  For  maintenance  reasons,  too, 
cables  are  inefficient  here,  owing  to  abrasion  against 
rocks,  strong  tides,  kinks,  etc.  Wireless  telegraphy  is 
admirably  suited  for  lightship  and  lighthouse  communi- 
cation with  the  shore,  to  assist  navigation  in  avoiding 
collisions  due  to  darkness  and  fog,  and  also  for  the 
mercantile  marine  service,  for  vessels  in  distress,  etc.  ; 
indeed,  in  any  case  where  cables  cannot  be  use- 
fully turned  to  account,  or  where  mere  signalling,  rather 
than  high  speed  commercial  messages,  is  the  order  of 
the  day.  May  it  not  be  asked — in  the  public  interest,  as 
well  as  in  the  cause  of  science — who  is  to  blame  for  the 
fact  that  so  little  really  useful  and  practical  work  of  this 
description  has  been  accomplished  }  Surely  it  cannot  be 
the  Government  telegraph  monopoly  that  blocks  progress? 
The  latter  cannot,  at  any  rate,  stand  in  the  way  of  wire- 
less communications  on  the  high  seas ;  and  with  so 
persevering  a  worker  as  Mr.  Marconi  we  may,  indeed, 
look  forward  to  the  days  when  the  fact  of  setting  forth 
on  a  voyage  need  not  necessarily  imply  being  cut  off 
from  communication  with  the  rest  of  the  world :  thus 
those  who  aspire  to  having  news  continually  served  up 
to  them,  even  when  at  sea,  may  yet  live  to  see  their 
ambitions  realised  in  a  really  practical  way. 

In  conclusion,  the  writer  points  out  that  the 
imperfections  of  the  system  are  likely  to  pre- 
vent it  from  becoming  a  serious  rival  to  the 
cable  companies  : — 

That  the  wireless  system  has  come  to  stay  is  fairly 
obvious  ;  but  what  its  possibilities  may  reach  we  cannot 
at  present  foretell.  Its  inferiority,  however,  to  telegraphy 
by  cables  is,  at  present,  as  marked  as  would  be  the 
delivery  of  our  letters  on  the  pavement — to  be  picked  up 
by  anyone — instead  of  in  the  letter-box.  Cable  share- 
holders may,  therefore,  take  comfort  in  feeling  that  the 
day  has  not  yet  come— neither  can  we  as  yet  foresee  that 
it  will  come — when  copper  wires,  gutta-percha  coverings, 
and  iron  sheathings  will  be  relegated  to  the  museum  of 
antiquities.  On  the  other  hand,  it  seems  clear  that  wire- 
less telegraphy  will  have  an  awakening  effect  as  to  our 
telegraphic  needs,  just  as  the  electric  light,  by  raising  the 
standard  of  light  required  by  the  public,  has  enabled  us 
to  rejoice  in  the  incandescent  gas  mantle  in  cases  where 
the  still  better  illumination  obtained  from  electricity  is 
conspicuous  by  its  absence. 
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WINDING  FROM  GREAT  DEPTHS. 

ENGINES  for  winding  from  great  depths  are 
naturally  very  powerful,  their  cylinders 
being  always  near  upon  i  metre  (3  ft.  3!  in.) 
in  diameter,  with  a  stroke  of  double  that  figure ; 
but  compound  engines  are  still  the  exception. 
The  steam  distribution  is  generally  effected  by 
lifting  valves,  with  expansion  variable  by  the 
governor,  but  with  possibility  of  the  engineman 
suppressing  the  expansion,  while  there  are 
often  two  brake  pulleys.  Rescue  or  emergency 
engines  are  the  rule  both  in  Belgium  and 
Germany.  Sometimes,  as  in  Belgium,  they  are 
constituted  by  a  simple  capstan  ;  but  in  others, 
as  in  Westphalia,  where  the  output  is  enormous, 
they  become  veritable  winding  engines,  gene- 
rally less  powerful,  but  sometimes,  again,  exactly 
like  the  main  engines.  Appliances  for  the 
prevention  of  overwinding,  almost  unknown  in 
Belgium,  are  common  in  Germany.  Some- 
times the  Haniel  and  Lueg  disengaging  hook, 
resembling  the  English  hook  invented  by 
Stephen  Humble,  is  completed  by  a  brake  that 
comes  into  action  if  the  cage  should  be  drawn 
up  to  the  pulleys;  and  in  other  cases  the 
appliances  shut  off  steam  and  put  on  a  brake 
when  the  cage  rises  above  the  pit  bank,  after 
the  manner  of  the  Reumaux  safety  apparatus. 

WINDING    DRUMS. 

Although  the  difttculties  connected  with  great 
depth  of  working  are,  as  yet,  scarcely  felt  in 
Westphalia,  at  some  mines  where  little  over 
500    metres    (273    fathoms)    is    reached,    the 


surface  works  have  been  laid  out  for  winding 
from  double  that  depth,  in  which  case  the 
engines  are  very  large  and  complicated. 
Thanks  to  the  lightness  of  the  Koepe  arrange- 
ment, that  system  is  relied  upon  for  winding; 
from  depths  such  as  1,200  metres  (656 
fathoms)  and  upwards  ;  but  for  those  at  present 
attained  cylindrical  drums  with  balance  ropes, 
moving  freely  in  the  shaft,  or  spiraloid  com- 
pensating drums,  are  used,  while  timber  guides 
for  the  shafts  are  retained  in  Germany,  though 
steel  rail  guides  are  common  in  Belgium. 

SPUDS  OP   WINDINQ. 

For  winding  coal  the  speed  rarely  exceeds 
20  metres  (6.si  ft.)  per  second,  while  the  mean 
is  13  metres  (42^  ft.) ;  and  for  winding  men 
the  speed  varies  from  4  metres  (14  ft.)  to  6 
metres  (19^  ft.)  per  second.  Speed  indicators, 
and,  indeed,  speed  recorders,  are  fitted  to  the 
winding  engines  of  nearly  all  the  shafts  in 
Germany  visited  by  M.  Deverne,  chief  engineer 
of  the  Douchy  Colliery,  in  the  North  of  France, 
who  recorded  his  observations  for  the  benefit 
of  the  Sociele  de  r Industrie  Miner ale^  arriving  at 
the  following  conclusions  :  Cases  of  winding 
from  a  great  depth  occur  nearly  ever>'where 
with  the  various  means  available  on  the  spot  ; 
but  it  is  evident  that,  as  the  depth  increases,  if 
a  large  output  is  to  be  maintained,  steel  wire 
must  supersede  Manila  fibre  for  the  ropes,  while 
in  many  cases  a  limit  will  be  imposed  rather 
by  the  deposit  itself  and  the  difficulties  of 
working  it  than  by  the  winding  gear  proper. 
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RECENT  PROQRESS  IN  GOLD  METALLURGY. 

'pEW  scientific  discoveries  have  had  such 
^  great  influence  on  the  mining  industry  as 
that  exerted  on  gold  mining  by  the  cyanide 
process,  which  has  permitted  of  turning  to 
account  a  great  many  deposits  that  were  pre- 
viously regarded  as  refractory  because  they 
resisted  amalgamation.  On  cyanisation  being 
applied  to  the  residues  of  amalgamation, 
however,  it  was  soon  seen  that,  if  the  sandy 
portion  of  these  residues  was  easily  treated 
owing  to  permeability  of  the  sand,  the  slimes 
offered  resistance  to  penetration  by  the  cyanide 
solutions,  as  also  to  air  circulation,  without 
which  these  solutions  cannot  dissolve  gold  ;  and 
this  led  to  the  residues  being  classed  as  tailings 
proper  and  as  slimes.  Moreover,  the  nature  of 
the  residues  becomes  modified  as  the  mines  are 
worked  deeper,  passing  from  the  oxidised  zone 
of  the  outcrops  to  the  pyritous  region  under- 
,  ground  ;  and  it  was  on  this  account  that  the 
pyritous  concentrates,  of  far  greater  richness 
than  the  tailings  which  yield  them,  were  sepa- 
rated by  various  concentration  appliances. 

The  conditions  and  present  practice  in  the 
Transvaal  and  in  Western  Australia,  with  par- 
ticulars as  to  yield  and  cost  of  extraction,  were 
detailed  to  the  Societe  de  V Industrie  Minerale  by 
M.  H.  Kuss,  Ingenieur-en-chef  des  Mines,  Who 
passed  in  review  successively  the  treatment  of 
slimes  by  filter- presses,  the  treatment  of  sulpho- 
telluric  ores,  the  direct  treatment  of  raw  ore  by 
the  Diehl  process,  and  also  by  simple  cyanisation, 
as  well  as  by  roasting  and  porphjrrisation, 
arriving  at  the  following  conclusions  : — 

TRBATMBNT   OF   SULPHO-TBLLURIC   AURIFBROUS 


The  problem  of  treating  Kalgoorlie  sulpho- 
telluric  auriferous  ores  has  been  solved  quite 
satisfactorily  ;  and  a  choice  of  three  methods  is 
now  afforded,  as  under. 

1.  The  amalgamation,  porphyrisation  and 
cyanisation  of  the  raw  ore,  yielding  about  85  or 
86  per  cent  for  an  expense  of  15s.  per  ton. 

2.  Porphyrisation  with  bromo-cyanisation,  by 
the  Diehl  process,  yielding  90  per  cent,  for  a 
cost  of  25s.  per  ton. 

3.  Roasting,  followed  by  porphyrisation, 
amalgamation,  and  cyanisation,  also  yielding 
90  per  cent,  for  a  cost  varying  from  23s.  to  27s. 

Taking  into  account  preparatory  works,  the 


ore  costs  on  an  average  20s.  per  ton,  while 
general  expenses  vary  from  3s.  to  5s.  Works 
for  treating  80,000  tons  per  annum  cost  about 
;^i6o,ooo,  so  that  their  liquidation  in  four  years, 
which  is  reasonable,  gives  los.  per  ton  per 
annum,  bringing  up  the  total  expense  to  within 
;^3  per  ton. 

The  cost  of  extracting  and  treating  a  ton  may 
come  down  to  £2  los.,  if  roasting  and  the 
increased  yield  it  affords  be  dispensed  with, 
and  even  with  roasting  if  liquidation  be  not  taken 
into  account ;  or  to  £2  for  works  treating  the  raw 
ore  by  simple  cyanisation.  If  a  yield  of  90  per 
cent,  in  the  former  and  85  per  cent,  in  the  latter 
case  be  admitted,  it  is  easy  to  see  that  the  cor- 
responding limit  contents  of  the  ore  to  be  treated 
without  loss  will  be  14  and  12  dwts.  respectively 
per  ton.  Cyanisation  of  the  raw  ore  would 
appear  advantageous  for  ores  containing  from 
12  to  25,  or  even  30  dwts.  per  ton  ;  but  for 
those  of  a  higher  content  roasting  would  have 
the  advantage. 


PURIFICATION    AND    UTIUSATION    OF 
BLAST-FURNACE    GAS. 

■^^OW  that  the  use  of  blast-furnace  gas  for 
-*-^  motive  power  forms  the  subject  of  so 
many  fresh  investigations,  it  must  not  be  for- 
gotten that  the  practical  utilisation  of  this  gas 
is  due  in  a  great  measure  to  Frenchmen.  So 
early  as  1814,  Aubertot,  an  ironmaster  at 
Vierzon,  employed  the  gas  of  his  blast-furnaces 
for  heating  purposes.  Betweeji  1835  and  1845 
this  gas  was  used  for  raising  steam  ;  but  the 
boilers  were  at  the  level  of  the  furnace  mouth, 
which  was  left  open,  the  gas  being  drawn 
under  the  grate  by  the  chimney  draught. 
About  1840,  and  until  1855,  from  25  to  40 
stoves  thus  fired  were  used  in  the  Ardennes 
for  torrefying  green  wood  to  serve  as  fuel. 
About  the  same  time  Ebelmen  studied  the 
utilisation  of  gas  from  blast-furnaces,  coke-ovens, 
cupolas,  etc.,  and  also,  in  collaboration  with 
Sire,  made  experiments  in  puddling  with  the 
gas  of  charcoal-fired  furnaces.  A  little  later 
M.  Laurens,  M.  Thomas  and  M.  Robin  designed 
gas-burners  for  firing  boilers,  hot-air  stoves  and 
arrangements  for  closing  blast-furnaces ;  and  in 
1857  an  Ardennes  ironmaster  interposed  a  fan 
between  the  furnace  mouth  on  the  one  hand 
and  the  boilers  and  stoves  on  the  other,  which 
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permitted  him  to  work  with  the  furnace  mouth 
open.  In  1869  M.  de  Langlade  employed  at 
five  or  six  ironworks  a  scrubber,  invented  by 
the  Swedish  engineer  Lundin,  for  purifying 
the  blast-furnace  gas  with  which  iron  was 
puddled  and  the  puddle-bars  reheated.  In  1888 
M.  Lespinats  put  up  at  the  Neuves-Maisons 
blast-furnaces,  gas-purifiers,  resembling  greatly 
those  of  Bethlehem,  U.S.,  and  which  have  given 
good  results.  Finally,  in  1893,  M.  C.  Cavallier, 
general  manager  of  the  Pont-a-Mousson  iron- 
works, put  up  a  dry  purifier,  made  of  large 
rectangular  cases,  filled  with  iron  "  straw,"  on 
which  the  greater  part  of  the  dust  was  de- 
posited, this  being  the  best  arrangement  when 
the  dry  method  is  employed. 

M.    LKNQAUCHKZ'S    PAPKR. 

It  is  with  these  considerations  that  M. 
Alexandre  Lencauchez  opened  a  paper  on  this 
subject  of  the  day  to  the  SocieU  de  rindustrie 
MineralCf  afterwards  proceeding  to  trace 
successive  improvements  in  France  and  other 
countries,  dealing  with  fans,  scrubbers  and 
purifiers,  the  employment  of  blast-furnace  gas 
and  gas  engines,  while  summing  up  with  (in 
substance)  the  following  observations:  It 
may  be  said  that  the  purification  ot  blast-furnace 
gas  is  now  possible,  and  that  the  use  of  this  gas 
for  firing  boilers,  hot-air  stoves,  refinery  and 
heating  furnaces,  etc.,  has  become  thoroughly 
practical,  because  purification  permits  the  use 
of  regulators  which  maintain  the  combustion 
under  constant  draught  and  pressure,  so  that  the 
useful  effect  can  be  tripled. 

The  author  also  expresses  his  great  satisfac- 
tion at  having,  towards  the  close  of  his  career, 
found  a  practical  solution  of  this  interesting 
problem,  having  on  November  12th,  1900, 
written  to  the  manager  of  the  Micheville  Steel- 
works that  a  considerable  injection  of  water 
under  pressure  at  both  inlets  of  one  of  the  two 
fans  used  there  would  probably  afford  excellent 
means  of  purification,  and  having  on  January 
loth,  1901,  patented  an  arrangement  of  multiple 
fan  combined  with  water  injection. 

BLA8T.PURNAOK  QA8  FOR   MOTORS. 

As  regards  the  motors  utilising  blast-furnace 
and  other  gases,  he  considers  that  there  still 
remains  much  to  be  done,  chiefly  for  those  of 
500  to  2,000  h.p.  and  upwards,  for  instance. 


making  them  work  with  boiling  water  for  the 
sake  of  economy,  while  there  would  also  be  an 
advantage  in  substituting  2-period  for  4-period 
motors  as  regards  utilisation  of  the  cylinders. 
Two-period  engines  also  have  the  great  advan- 
tage of  suppressing  the  exhaust  valve;  and 
they  permit  of  arranging  the  gas  and  secondary 
air  valves  in  chests  not  exposed  to  the  action  of 
the  flames,  thus  avoiding  deformation  of  the 
parts.  They  are  probably  the  precursors  of 
combustion  motors  which,  by  suppressing  the 
disadvantages  of  explosion,  wiU  give  gas 
engines  all  the  suppleness  and  elasticity  of  the 
best  steam  engines,  capable  of  working  at 
higher  temperatures,  and  consequently  losing 
far  less  power  through  the  cooling  currents  of 
the  jackets.  In  conclusion,  for  a  plant  utilising 
blast-furnace  gas  to  afford  absolute  industrial 
security,  the  gas  must  be  taken  off  at  a  pressure 
slightly  below  that  of  the  atmosphere ;  and  such 
pressure  must  be  ensured  automatically,  because 
otherwise  there  will  be  the  danger  of  violent 
explosions. 

ELECTROMETERS-THE  SCHATTNER  METER. 

AyTOST  electrometers — or  those,  at  any  rate, 
-^^-^  that  have  come  into  practical  use — may 
be  classed  as  (i)  motor  meters,  (2)  clock  meters, 
or  (3)  electrolysis  meters,  which  were  described 
in  the  following  terms  by  Messieurs  Georges  and 
Paul  Deschamps  for  the  Hainaut  Engineers 
Society : — 

MOTOR    MKTBRS, 

of  whatever  type  they  be,  must  satisfy  certain 
conditions.  The  motor  must  work  with  very 
slight  fall  of  potential,  and  absorb  but  little 
power.  Strong  and  compact,  it  must  run  at  a 
speed  always  proportionate  to  the  current. 
Friction  must  be  either  insignificant  or  perfectly 
balanced.  An  arrangement  is  generally  adopted 
in  which  a  certain  amount  of  current  constantly 
passes  without  being  registered  ;  but  the  realisa- 
tion of  all  these  conditions  leads  to  such  com- 
plication as  to  render  it  practically  impossible 
to  make  such  a  meter  at  a  moderate  price. 

CLOCK    MKTKRS. 

Formerly  clock  meters  had  to  be  wound  up  ; 
but  now  electric  clocks  are  employed.  Two 
perfectly  distinct  principles  are  applied  to  the 
construction  of  these  meters.  Either  the  current 
exerts  an  action   on  the  clock's  speed ;  or  the 
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clock  has  nothing  to  do  but  exactly  determine 
the  intervals  at  which  special  mechanism 
measures  and  registers  the  intensity  of  the 
current.  Whatever  be  the  principle  adopted, 
however,  its  application  requires  complicated 
mechanism  that  can  work  exactly  for  a  long 
period,  while  these  meters  are  often  cumber- 
some ;  and  therefore  they,  too,  cannot  be  made 
efficient  for  a  moderate  price. 

KLKOTROLYSIS    MrTKRS. 

For  securing  this  last-named  desideratum 
complicated  mechanism  must  be  given  up, 
which  is  possible  by  the  use  of  electrolysis.  The 
weight  of  matter  deposited  in  an  electrolytic 
jar  is  strictly  proportional  to  the  quantity  of 
current  that  has  traversed  it.  This  principle 
has  long  been  utilised  in  the  construction  of 
meters  for  continuous-current  installations  ;  but 
in  practice  serious  difficulties  are  encountered, 
it  being  specially  necessary  to  avoid  too  great  a 
loss  of  voltage. 

THK    8CHATTNKR    KLKOTROMKTKR 

also  depends  upon  electrolysis,  while  avoiding, 
however,  the  chief  defects  mentioned  above. 
Sulphate  of  copper  and  copper  electrodes  are 
employed ;  and  the  indicator  is  a  scale  beam, 
which  registers  the  weight  of  metal  abstracted 
from  the  anode  suspended  from  its  end.  There 
is  only,  in  this  electrolytic  action,  transport  of 
copper  between  the  electrodes,  the  solution 
undergoing  no  modification  on  that  account,  so 
that  the  loss  of  voltage  is  reduced  to  a  mini- 
mum. The  surfaces  of  the  electrodes  are  very 
large,  and  the  density  of  the  current  slight,  so 
that  a  regular  deposit  is  obtained. 

AOCUMULATOR-CHARQINQ    MKTKRS. 

In  many  electrical  installations  placed  under 
the  charge  of  inexperienced  persons  the 
accumulators  are  often  damaged  through 
deficient  charge  or  over-charge  ;  and  to  meet 
this  difficulty  a  special  type  of  meter  has  been 
made,  that  constantly  shows  whether  a  just 
measure  has  been  observed  in  charging  and 
discharging.  Such  a  meter,  which  must  evi- 
dently permit  of  a  greater  cun-ent  during  the 
charge  than  during  the  discharge,  consists  of  an 
apparatus  like  an  ordinary  meter  combined 
with  an  automatic  interrupter  that  shunts  a 
known  and  defined  fraction  of  the  current 
during  the  charge,  so  that  as  much  copper  is 


taken  off  the  anode  during  the  discharge  as  is 
deposited  upon  it  during  the  charge,  and  the 
balance  is  in  equilibrium  when  the  charge 
regime  is  normal.  With  this  apparatus,  there- 
fore, an  inexperienced  person  can  readily  ascer- 
tain if  he  is  charging,  and  to  what  extent,  a  set 
of  accumulators. 

ADVANTAQKS   OP   THK   80HATTNKR 
KLKOTROMETKR. 

f  These  meters  are  inexpensive,  owihg  to  their 
simple  construction ;  and  their  maintenance 
is  cheap  and  easy,  owing  to  the  absence  of 
complicated  mechanism.  The  copper  plate, 
that  costs  4s.,  need  only  be  renewed  after  a 
consumption  of  600  to  1,000  k.w.-hours.  The 
loss  of  current  occasioned  by  this  meter  is 
very  slight — 07  per  cent,  of  the  voltage  when 
in  action,  but  nothing  at  all  when  out  of  action ; 
and  it  registers  correctly  to  less  than  one-tenth 
of  an  ampere. 

CENTRAL  STEAH  CONDENSATION. 

THE  laying  down  of  central  condensation 
plant  is  a  matter  of  serious  difficulty,  espe- 
cially when  the  volume  of  exhaust  steam  is  very 
variable,  as  in  the  case  of  mines,  owing  to  the 
intermittent  working  of  the  winding  engines. 
It  is  not  therefore  surprising  that  the  problem 
long  remained  without  satisfactory  solution  ; 
but  in  Germany  the  tendency  is  increasing,  at 
works  where  there  are  a  great  many  steam  engines, 
to  lead  all  the  exhaust  steam  to  a  single  con- 
denser, while  a  cooling  apparatus  is  generally 
added,  which  permits  of  using  the  same  water 
over  and  over  again..  Thus  remarks  M.  Henri 
Dechamps  in  his  review  of  the  mining 
machinery  at  the  Diisseldorf  Exhibition  for  the 
Liege  Engineers*  Association  ;  and  he  continues 
that,  according  to  the  conditions  of  each 
case,  the  system  of  injection  or  surface 
condensation  is  employed.  In  the  latter,  the 
steam  may  be  made  to  pass  through  'several 
superposed  Series  of  pipes  sprinkled  with 
water  falling  in  a  cascade ;  or  the  pipes 
may  be  immersed  in  a  basin  traversed  by  a 
water-current.  Again,  the  usual  surface-con- 
denser arrangement  may  be  adopted  —  a 
group  of  tubes  inside  a  cylindrical  casing 
between  two  tube-plates,  and  traversed  by  a 
stream  of  cooling  water,  the  steam  to  be  con- 
densed being  led  into  the  space  round  the  tubes. 
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THB    WBIM    SYSTBIM, 

represented  by  G.  Brinckman  and  Co.,  of 
Witten-on-the-Ruhr,  is  characterised  by  its 
adoption  of  the  counter-current  principle.  The 
cooling  water  is  admitted  at  one  end  of  the 
plant,  and  the  steam  to  be  condensed  at  the 
other,  the  two  currents  passing  in  opposite 
directions,  and  their  relative  speed  being  equal 
to  the  sum  of  their  absolute  speeds.  Moreover, 
the  portions  already  cooled  of  the  steam  to  be 
condensed  encounter  the  coldest  water ;  and  as 
the  latter  becomes  heated  it  comes  into  con- 
tact with  steam  of  higher  temperature.  The 
air  and  the  hot  water  are  drawn  off  by  two 
distinct  appliances,  the  former  in  the  smallest 
possible  volume,  t.^.,  with  a  minimum  expendi- 
ture of  power.  The  plant  comprises  a  vertical 
condenser,  at  the  top  of  a  pipe,  10  metres 
(33  feet)  high,  the  lower  end  of  which  dips 
in  a  basin,  while  the  general  pipe  leading  the 
exhaust  steam  gives  into  the  bottom  of  the  con- 
denser. On  the  contrary,  the  water-injection 
pipe  terminates  near  the  cover  ;  and  the  cooling 
water  is  raised  by  a  pump,  not  to  the  condenser, 
but  to  a  tank  some  distance  from  it,  though  not 
too  far  for  the  water  to  accomplish  the  rest  of  its 
travel,  owing  to  suction  caused  by  the  vacuum. 
The  water  then  descends,  meeting  the  steam, 
being  divided  into  very  thin  sheets  by  baffle- 
plates  ;  and  the  mixture  which  it  forms  with  the 
condensed  steam  flows  into  the  tank  above 
which  the  condenser  is  placed,  owing  to  the 
difference  of  level,  that  corresponds  'with  an 
atmosphere  of  pressure.  To  the  Weiss  con- 
denser is  annexed  a 

BLASBBRQ  OOOLINQ  APPARATUS, 

which  consists  of  a  rectangular  timber  chimney, 
having  at  the  bottom  a  Horden  refrigerator, 
made  of  superposed  slats  covered  with  small 
pieces  of  basalt.  A  special  pump  raises  the 
hot  water  from  the  condenser,  which  water  is 
distributed  over  the  whole  surface  of  the 
refrigerator,  being  sub-divided  by  the  pieces  of 
stone  into  small  drops,  while  the  air  drawn  by 
the  chimney  draught  passes  across  interstices  in 
the  stone  beds. 

BALCKB    Ml  C0.*8  OONDBN8ATION   PLANT8 

are  always  on  the  counter-current  system, 
whether  a  surface  or  an  injection  condenser  be 
employed  ;  and  in  the  latter  case,  when  local 


circumstances  permit,  the  condenser  is  placed 
at  a  sufficient  height  above  the  discharge  channel 
to  render  a  hot-water  pump  unnecessary. 

In  the  former  case  the  exhaust  steam  passes 
from  the  collector  to  the  oil-separator,  generally 
cylindrical  with  vertical  axis,  containing  three 
parallel  vertical  plates,  punched  with  holes 
alternately  at  top  and  bottom  so  as  to  form 
baffles ;  and  the  oil  collecting  at  the  bottom  is 
withdrawn  by  a  special  pump.  The  steam  then 
continues  to  the  surface  condenser,  supplied 
with  cooling  water  by  a  circulating  pump  ;  and 
the  air  drawn  along  with  the  steam  is  taken  o£F 
by  a  dry-air  pump  through  a  pipe  starting  from 
the  highest  part  of  the  condenser,  and  provided 
with  a  small  purifier  for  freeing  it  from  any 
moisture,  the  bottom  of  this  purifier  being  put 
in  communication  with  the  hot-water  pump. 
All  the  pumps  are  worked  off  a  two- throw  crank- 
shaft from  a  steam  engine.  This  firm  claims  to 
have  invented  chimney  coolers,  the  chief  advan- 
tages of  which  are  that  their  efficiency  is  in- 
dependent of  atmospheric  movement,  and  that 
the  dew  or  vapours  are  given  off  from  them  at 
such  a  height  as  to  constitute  no  nuisance  to 
the  neighbourhood. 


GOLD   MINING   AND   GOLD-STEALING    IN 
SIBERIA. 

npHE  Russian  review  Russkoe  Bagatsivo  for 
-*-  September  (August  30th),  contains  a  very 
interesting  article  by  M.  Paul  Bieletski  on  the 
methods  of  gold-mtning  practised  in  Siberia. 
M.  Bieletski  argues  that  the  formalities  and  red- 
tape  which  at  present  make  prospecting  in 
Siberia  almost  impossible,  should  be  replaced 
by  a  simpler  system.  At  present  prospectors 
have  to  undergo  such  a  number  of  formalities, 
both  before  prospecting  and  after  discovering 
gold,  that  only  those  with  capital  to  risk,  and 
those  who  evade  the  law,  have  a  chance  of 
carrying  on  the  industry  at  a  profit.  Before 
setting  out  at  all,  the  prospector  has  to  obtain  a 
stamped  certificate  giving  him  authority  to 
prospect.  This  certificate  he  has  to  present  at 
the  local  Government  office,  with  his  passport 
and  a  police  certificate.  If  he  wishes  to  do 
this  quickly  he  must  appear  personally  at  the 
Mining  Department.  But  this  only  begins  the 
necessary  formalities.  When  his  party  is 
formed,  he  must  notify  the  district  police  office  as 
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to  where  he  proposes  to  prospect,  lodge  a  further 
copy  of  his  certificate,  and  give  full  particulars  as 
to  names,  passports,  etc.,  of  every  member  of  his 
party.  Before  prospecting  for  gold  he  must 
mark  off  the  five  vetsts  of  river,  or  four  square 
versts  of  land,  where  he  proposes  to  search. 
But  this  gives  him  only  a  right  to  search  for  gold, 
and  no  right  to  work  it.  If  he  discovers  any  gold 
whatsoever,  he  is  obliged  to  stop  working,  and 
even  return  the  gold  to  the  ground,  until  he 
gets  the  necessary  authority  to  work  it.  This 
requires  further  reference  to  the  nearest  police 
ofiice,  sometimes  a  thousand  miles  away,  and 
long  delays,  payments,  and  more  detailed 
marking  off  of  claims.  This  marking  off  must 
be  done  by  a  government  official,  who  having 
travelled  a  thousand  miles,  must  be  lodged  at 
the  prospector^s  expense.  Finally,  every  dwt. 
of  gold  must  be  registered  in  books.  It  is  only 
after  providing  for  all  these  formalities  that  the 
actual  working  of  the  deposits  can  be  commenced 
But  when  work  is  begun  it  may  very  well 
happen  that  the  deposits  are  so  poor  as  not  to  be 
worth  working ;  in  such  a  case  the  prospector 
loses  his  time  and  money,  and  before  attempt- 
ing to  work  another  claim  he  must  repeat  the 
formaUties,  perhaps  only  to  meet  with  another 
disappointment. 

The  result  of  all  this  red-tape  is  that  a  very 
large  proportion  of  Siberian  gold  is  got  by 
evasion  of  the  law.  The  prospectors  prefer  to 
employ  khisUhtiiki,  or  uncertificated  miners, 
mostly  belonging  to  the  criminal  class,  from 
whom  they  buy  gold  at  much  below  its  value.  The 
certificated  miners  and  prospectors  complain 
much  of  the  depredations  of  these  khistchniki^ 
but  in  reality  they  profit  by  their  labour,  as 
it  is  much  cheaper  to  buy  illegally  worked 
gold  than  to  work  it  under  the  present  con- 
ditions. The  Government,  by  means  of  Cossacks 
and  police,  carries  on  a  continuous  war  with 
the  uncertificated  miners,  a  conflict  sometimes 
attaining  the  dignity  of  pitched  battles,  but 
without  result.  The  khistchniki  form  the  ad- 
vance guard  of  most  regular  prospecting  parties, 
and  owing  to  the  lack  of  information  as  to  the 
geological  conformation  of  the  gold  districts, 
they  as  often  as  not  discover  gold-bearing  land 
in  shorter  time  than  the  regular  prospectors. 
"  The  discovery  of  gold,"  says  M.  Bieletski,  "is, 
to  a  great  extent  a  matter  of  chance,  the  ignorant 
workman  often  being  as  successful  as  the  skilled 


geologist."  The  prospectors  therefore  often 
make  large  fortunes  by  buying  the  "  rights  "  to 
gold-bearing  land  discovered  by  vagabonds  and 
escaped  convicts.  In  conclusion,  M.  Bieletski 
argues  that  all  the  formalities  which  must  now 
be  undergone  before  actual  working  should  be 
done  away  with,  and  that  the  right  of  pros- 
pecting should  be  open  to  all. 


RUSSIAN  SHIPPING  AND  CANAL  PROJECTS. 

'npHE  project  for  constructing  a  deep-water 
-*-  port  at  Kertsch  has  been  condemned  by 
the  Taganrog  Committee  of  Trade  and  Manu- 
factures, on  the  ground  that,  if  Kertsch  were 
selected  as  a  central  port  for  ocean-going  ships, 
there  would  be  a  general  decline  of  the  Azov 
ports,  resulting  in  serious  losses  for  the  rival  ports 
of  Taganrog,  Rostoff,  Mariupol,  and  Berdiansk. 

The  Odessa  News  urges  the  necessity  of 
joining  the'  White,  Black,  and  Baltic  Seas  by 
means  of  canals,  maintaining  that,  under  no 
circumstances,  should  the  work  be  allowed  to 
pass  into  the  hands  of  a  foreign  company.  The 
News  lauds  the  project  as  one  "  incomparably 
more  useful  for  the  Empire  and  people  than 
the  new  railway  across  the  Asiatic  Continent." 

The  Odessa  News  gives  particulars  of  a 
newly-formed  Italian  company  which  has 
entered  into  negotiations  with  the  Russian 
Volunteer  Fleet  for  the  opening  of  regular 
communication  by  means  of  large  steamers 
between  the  Black  Sea  and  New  York,  the^ 
volunteer  steamers  to  carry  on  freight  and 
passenger  traffic  between  Odessa  and  Naples, 
and  to  carry  Italian  emigrants  from  Naples  to 
the  United  States.  It  is  proposed  at  first  to 
devote  two  volunteer  steamers  of  the  Petersburg' 
and  Orel  class  to  this  traffic.  This  project  has 
been  accepted  favourably  by  the  Volunteer 
Fleet,  as  the  administration  of  the  fleet  had 
already  been  considering  the  advisability  of 
extending  the  area  of  their  operations. 

LINK    FROM    M0800W   TO    BK    RKLAID. 

The  Russian  Minister  of  Ways  of  Communi- 
cation has  raised  the  question  of  increasing  the 
speed  of  the  express  trains  from  Moscow  to 
Western  Europe  to  a  rate  of  65  versts  an  hour. 
The  directorate  of  the  Moscow-Brest  Railway, 
after  considering  the  question,  replied  that  with 
the  present  permanent  way  the  present  speed 
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of  50  versts  an  hour  cannot  even  be  maintained, 
and  that  the  whole  line  must  be  relaid  with 
rails  of  the  officially  recognised  weight  of  28^  lbs. 
to  the  foot.  This  change  is  to  be  completed 
within  four  years,  at  a  cost  of  20,000,000  roubles. 
Meantime,  the  speed  of  the  express  trains  is  to 
be  reduced  to  44  versts  an  hour,  increasing  the 
journey  between  Moscow  and  Brest  by  i|  hours. 

NKW    CIRCULAR    RAILWAY    AT    M0800W. 

In  Moscow  the  preparatory  works  for  the  new 
City  Circular  Railway,  the  plan  of  which  was 
approved  by  the  Emperor  in  March,  are 
being  pushed  forward.  The  surveys  are  com- 
pleted, and  M.  Rashevsky,  the  engineer  in 
charge,  proposes  to  begin  construction  this  year. 
The  estimates  for  the  railway  amount  to 
40,000,000  roubles,  and  it  is  expected  the  new 
line  will  be  opened  in  1905.  In  view  of  the 
fact  that  the  circular  railway  will  supply  only 
the  suburbs,  while  the  centre  of  the  city  will  be 
cut  off  as  before,  M.  Rashevsky  has  put  forward 
a  project  for  the  construction  of  a  municipal 
diametrical  line  on  the  model  of  Buda-Pesth 
city  railway.  The  cost  of  such  a  railway  in 
Moscow  is  estimated  at  25,000,000  roubles. 


RUSSIAN   RAILWAY   PROJECT   REVIVED. 

'T^HE  St.  Petersburg  Courier  announces  that 
-'-  the  old  Russian  project  of  building  a  rail- 
way from  Central  Asia  to  Siberia  is  on  the  point  of 
realisation.  A  private  company  of  Russian  and 
foreign  capitalists  under  the  leadership  of 
Mr.  S.  I.  Mamontof  has  been  formed  with  the 
approval  of  the  government.  The  line  will 
start  from  the  town  of  Turkestan,  intersect  the 
Siberian  Railway  near  Tomsk,  and  be  extended 
to  the  north  to  a  point  not  yet  determined. 
The  railway  is  to  supply  the  needs  of  the  rich 
grain-growing  districts  in  the  south  of  Tomsk 
Government,  Biisk,  Barnaul,  Altai,  and  the 
Semipalatinsk  Oblast.  Trade  between  Tomsk 
and  Northern  Siberia  is  to  be  carried  on  by 
steamers  on  the  Tom  and  Obi,  but  in  view  of 
the  defects  of  the  Gulf  of  Obi  it  is  proposed  to 
build  a  line  from  Obdorsk,  near  the  mouth  of 
the  river,  to  some  more  favourable  port  on  the 
Arctic  Ocean.  These  constructions  will  complete 
communication  between  Central  Asia  and  the 
Arctic  Ocean.  The  estimated  cost  is  150,000,000 
roubles,  or  half  the  first  estimated  cost  of  the 
Great  Siberian  Railway. 
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"A  HISTORY  OF  WIRELESS  TELEGRAPHY," 

Including  some  bare- wire  proposals  for  sub- 
aqueous telegraphs.  By  J.  J.  Fahie, 
M.Inst.  E.E.  William  Blackwood  and 
Sons.     348  pp.     6s. 

TN  this  interesting  work,  which  now  appears 
^  in  its  third  edition,  Mr.  J.  J.  Fahie  has 
afforded  the  electrical  student  much  valuable 
information.  The  experiments  of  those  in- 
ventors who  first  conceived  and  carried  into 
practice  the  idea  of  space  telegraphy  are 
described,  and  the  achievements  of  modern 
inventors  carefully  detailed.  Events  move 
rapidly  in  the  electrical  world,  and  thus  it  was 
found  Ihat  the  first  edition  of  this  history,  in 
view  of  recent  researches,  required  to  be 
brought  more  into  line  with  modern  develop- 
ments. To  Mr.  Fahie's  work,  therefore,  was 
added  a  survey  of  the  advances  made  in 
"  wireless "  telegraphy  up  to  the  beginning  of 
1901,  when  the  second  edition  appeared.  In 
the  frontispiece  are  grouped  the  portraits  of 
those  whom  the  author  aptly  terms  **the  Arch- 
builders  of  Wireless  Telegraphy." 

At  the  top  stands  Oersted  (Denmark),  who  first  showed 
the  connection  between  electricity  and  magnetism.  Then 
follow  in  order  of  time  Ampere  (France),  Faraday 
(England),  and  Henry  (America),  who  explained  and 
extended  the  principles  of  the  new  science  of  electro- 
magnetism.  Then  come  Clerk-Maxwell  (England)  and 
Hertz  (Germany),  who  showed  the  relation  between 
electricity  and  light,  the  one  theoretically,  and  the  other 
by  actual  demonstration.  These  are  followed  by  Branly 
(France),  Lodge  (England),  and  Righi  (Italy),  whose  dis- 
coveries  have  made  possible  the  invention  of  Marconi. 
The  last  three  are  portraits  of  Preece  and  Willoughby 
Smith  (England),  and  Marconi  (Italy),  who  divide  between 
them  the  honour  of  establishing  the  first  practical  lines  of 
wireless  telegraphy — each  typical  of  a  different  order. 

As  has  been  pointed  out  in  recent  articles  on 
this  subject,  there  exists  much  popular  mis- 
conception as  to  who  was  the**  real  inventor** 
of  **  wireless ''  telegraphy,  and  this  Mr.  Fahie*s 
book  has  done  and  will  do  much  to  remedy. 
Ample  recognition  is  given  to  the  significance  and 
importance  of  the  labours  of  Sir  William  Preece 
and  Mr.  Willoughby  Smith,  and  the  interesting 
record  of  their  researches  forms  a  fitting 
preface  to  a  description  of  Signor  Marconi's 
world  famous  experiments.    In  the  appendices 


we  have  various  papers  and  reports  of  lectures 
by  Sir  Oliver  Lodge  (on  the  relation  between 
electricity  and  light,  before  and  after  Hertz), 
Professor  Henry  (on  high-pressure  electricity 
being  confined  to  the  surface  of  conducting 
bodies,  and,  modem  views  with  respect  to  the 
nature  of  electric  currents),  and  Professor 
Edouard  Branly  (on  variations  of  conductivity 
under  electrical  influence),  with  a  descrip- 
tion of  the  remarkable  researches  of  Pro- 
fessor Hughes,  F.R.S.,  in  electric  waves 
and  their  application  to  "  wireless ''  telegraphy, 
which  he  conducted  during  the  years  1879-1886. 
These  are  followed  by  a  reprint  of  Signor 
Marconi's  patent,  with  plans,  which  should 
prove  of  special  interest  to  readers  of  the  article 
on  Signor  Marconi's  inventions  appearing  in 
this  issue.  Various  diagrams  help  to  elucidate 
the  text,  and  an  exhaustive  index  renders  the 
volume  valuable  as  a  book  of  reference.  The 
work  is  dedicated  to  Sir  William  H.  Preece, 
K.C.B.,  F.R.S.,  "  as  a  slight  token  of  esteem  and 
friendship,  and  in  acknowledgment  of  many 
kindnesses  extending  over  many  years." 


'MODERN  IRON  FOUNDRY  PRACIICE  "-PART  I. 

By  George  R.  Bale,  A.M.Inst.C.E.      Technical 
Publishing  Co.,  Ltd.    387  pp.    ss.  net. 

THIS  useful  little  manual,  of  which  another 
volume  will  be  published,  is  designed  to 
meet  the  existing  need  for  a  comprehensive 
work  that  will  give  the  student  all  available 
information  concerning  the  foundry  and  its 
products.  Part  I.  deals  with  foundry  equip- 
ment, materials  used,  and  processes  followed, 
describing  the  furnace  itself,  the  cupola 
and  its  charge,  cranes,  hoists,  etc.,  and  the 
various  methods  of  moulding  and  casting. 
Machine  moulding  and  kindred  subjects, 
however,  have  been  left  to  be  dealt  with 
in  the  second  part,  which  will  also  include 
chapters  upon  physical  testing,  shrinkage  and 
distortion  of  castings,  the  various  methods  of 
cleaning  castings,  foundry  costs,  etc.  In  an 
introduction  to  the  work  the  author  points  out 
that  the  foundry  can  hardly  be  said  to  have  kept 
pace  with  the  rapid  advances  made  of  late  years 
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in  most  departments  of  the  iron  and  steel 
industry.  But  the  near  future  will  see  the 
culmination  of  the  present  growing  tendency 
towards  specialisation,  when  every  shop  and 
every  workman  will  be  confined  strictly  to  a 
particular  class  of  work,  and  there  will  be 
no  foundries  for  general  work.  **  Moulding 
machines  will  be  employed  in  greater  numbers 
and  variety,  adapted  to  the  work  ;  the  purchase 
of  pig-iron  by  analysis  will  become  universal, 
and  foundries  will  be  better  equipped  with 
suitable  appliances  for  transporting  the  cupola 
charges  and  the  molten  metal,  a  system  of 
narrow-gauge  tracks  extending  throughout  the 
entire  works." 

*  It  is  suggested  that  there  is  much  room  for 
improvement  in  regard  to  the  methods  of 
casting,  and  in  this  connection  the  author  ad- 
vises the  use  of  the  camera  to  record  the 
successive  stages  during  the  progress  of  any 
unusually  difficult  piece  of  work,  so  that  in  the 
event  of  its  having  to  be  repeated  at  some  later 
date,  the  method  previously  employed  may  be 
inspected  and  followed,  or  possibly  improved 
upon.  The  various  processes  and  plants  are 
efficiently  illustrated  by  over  200  views  and 
diagrams,  and  a  methodical  index  adds  to  the 
value  of  the  book. 


"THE  AUTOMOBILE:  ITS  CONSTRUCTION  AND 
MANAGEMENT.'* 

Cassell  and  Co.,  Ltd.     608  pp.      los.  6d.  net. 

'T^HIS  handsome  work  is  taken  from  the 
-*-  French  of  M.  Gerard  Lavergne^s  "  Manuel 
Theoretique  et  Pratique  de  TAutomobile,"  but  it 
is  something  more  than  a  mere  translation,  Mr. 
P.  N.  Hasluck,  the  editor,  in  an  endeavour  to 
give  the  public  a  thoroughly  up-to-date  treatise, 
having  re-written  the  original  book  throughout 
in  a  more  condensed  style,  and  introduced  a 
large  amount  of  entuely  new  matter,  descriptive 
of  mechanisms  that  have  made  their  appearance 
during  the  last  year  or  so.  In  an  exceedingly 
interesting  and  practical  manner,  Mr.  Hasluck 
has  thus  succeeded  in  presenting  all  that  is 
known  concerning  motor  vehicles  of  every  kind. 
The  book  will  show  the  engineer  how  the 
mechanism  with  which  he  is  familiar  is  applied 
in  motor  construction,  how  the  technical  diffi- 
culties arising  from  this  novel  application  may 
be  overcome,  and   what   yet    remains    to    be 


done  in  this  rapidly-growing  industry.  After  a 
brief  historical  sketch  and  detailed  consideration 
of  the  various  motive  agents,  a  description  is 
given  of  the  methods  of  determining  the 
requisite  horse-power  and  its  transmission  to 
driving  wheels.  Axles  and  steering  gear, 
wheels  and  tyres,  springs,  under-frames  and 
bodies,  brakes  and  lubrication  are  dealt  with  in 
separate  sections ;  and  this  analysis  having  been 
made,  the  elements  are  grouped  according  to 
the  chief  types  of  existing  cars.  Then  the 
notable  results,  officially  or  otherwise  confirmed, 
are  recorded,  and  finally  attention  is  directed  to 
the  lines  on  which  progress  in  the  direction  of 
increased  efficiency  is  to  be  sought.  In  this 
connection  we  learn  that  in  the  petrol  car 
improvements  will  be  secured  by  the  better 
employment  of  the  carburetted  mixture,  thus 
eliminating  to  a  large  extent  the  unpleasant 
smell ;  by  the  obviation  of  the  necessity  for 
using  cooling  water,  and  by  rendering  start- 
ing easier.  The  efficiency  of  transmission 
needs  to  be  increased,  and  should  be  made 
the  subject  of  comparative  experiments.  Not 
more  than  6  or  7  per  cent,  of  the  energy  of 
petrol  spirit  is  actually  burned  to  accomit  ;  but 
even  this  rate  of  efficiency  is  greater  than  that 
of  the  steam  car,  which  is  (adopting  1*5  kilo- 
grammes as  the  consumption  per  effective 
horse-power-hour)  only  about  5  per  cent. 
"  Certainly,"  we  read,  "  cars  now  regarded  as 
the  most  improved  will,  in  the  course  of  twenty 
years,  be  looked  upon  as  being  barbarous."  In 
conclusion  we  read  : — 

What  remains  to  be  accomplished  in  the  construction 
of  automobile  should  not  prevent  a  recognition  of  the 
importance  of  what  already  has  been  done  in  the  short 
period  of  time  since  the  renaissance  of  motorism.  The 
automobile  is  a  practical  road  vehicle,  whose  oorapulsor>' 
stoppages  on  the  road  tend  to  become  exceptions  due  to 
disorder  in  the  ignition  system,  a  hitch  in  the  working  01 
the  pump,  punctured  tyre,  etc..  all  these  being  so  many 
cases  of  stoppage  which  can  easily  and  even  rapidly  be- 
set right.  The  mistrust  of  the  public,  caused  by  the 
imprudence  of  some  individuals,  soon  must  be  dispelled, 
and  then  automobilism  will  be  safe  and  economic  and 
enter  completely  into  the  customs  of  the  day. 

The  book  should  prove  of  exceptional  value 
and  absorbing  interest  to  all  who  own  auto- 
mobiles or  who  are  engaged  in  the  motor 
industry.  The  many  examples  of  motors  and 
their  component  parts  are  efficiently  illustrated 
by  506  line  engravings,  and  the  printing  and 
general  get-up  leave  little  to  be  desired. 
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The  Richards  London  Machine  Tool  Company, 
Laurence  Pountney  Hill,  London,  and  Paris*— Section 
A,  1902,  A  booklet  of  56  pages  and  cover  with  an 
illustrated  index  and  price  list  of  their  general  cata- 
logue of  machine  tools.  The  first  portion  treats 
exclusively  of  the  new  1901  Patent  Open-side  Planing 
Machines,  which  they  claim  to  be  the  most  noteworthy 
development  in  modern  machine  tools.  The  machines 
are  made  to  plane  from  28  in.  to  30  ft.  long,  and  from 
12  in.  to  48  in.  wide,  and  by  the  use  of  the  "  extension 
arms"  to  60  in.  wide.  Some  eight  or  ten  drawings 
illustrating  practical  examples  of  the  application  of  the 
machine  are  specially  interesting,  and  we  must  express 
our  appreciation  of  the  excellent  half-tone  blocks  with 
which  the  catalogue  is  profusely  illustrated.  At  the 
end  of  the  book  is  given  a  list  of  telegraphic  words, 
which  will  be  useful  to  foreign  buyers. 

The  British  Thomson-Houston  Company,  Ltd*,  Rtighy*— 

Pamphlets  Nos.  130,  131,  132.  The  first  deals  with 
their  Tyj>e  CE  Continuous  Current  Stationary  Motors, 
which  are  built  for  slow  speeds,  in  sizes  ranging  from 
2  to  15  h. p.,  and  for  moderate  speeds  in  sizes  from  3  to 
20  h.p.  The  motor  is  symmetrical  in  form,  and  may  be 
quickly  arranged  to  run  in  an  upright,  inverted,  or  semi- 
inverted  position.  It  may  therefore  be  installed  on  the 
floor,  ceiling,  or  wall.  Pamphlet  131  deals  with  the 
Reavell  Patented  Duplex  Type  of  Motor-driven  Air 
Compressors,  which  are  fitted  with  relief  valve,  drain- 
cock,  and  outlet  connection  screwed  i  ir>.  gas.  The 
motor  runs  at  about  1,200  revolutions  per  minute,  and 
drives  a  compressor  at  about  400  revolutions  per 
minute,  through  gear  wheels.  The  machine  is  designed 
for  delivery  pressures  up  to  30  lbs.  per  square  inch,  and 
only  occupies  a  space  of  about  30  in.  by  30  in.  by 
16  in.  Pamphlet  132  describes  the  GE  58  Traction 
Motor.  This  motor  is  so  designed  and  constructed  as 
to  be  suitable  for  both  narrow  and  standard  gauges, 
with  a  minimum  width  of  3  ft.  3I  in.,  and  is  intended, 
for  comparatively  heavy  service.  Accompanying  the 
pamphlets  is  a  leaflet,  with  prices  of  their  Direct 
Current  Type  CE  Shunt  Wound  Motors. 


Standard  Engineering  Company,  of  Leicester  and  Ket- 
tering*— An  illustrated  pamphlet  of  eight  pages,  de- 
scribing their  blowing  and  exhausting  fans,  including 
drawings  and  a  table  showing  the  various  dimensions 
in  inches.  Their  principal  specialities  appear  to  be 
right-hand  and  left-hand  blowing  and  exhausting  fans, 
both  bottom,  horizontal,  and  up  discharges.  The  table 
above  mentioned,  though  the  figures  are  only  approxi- 
mate, is  a  very  useful  adjunct. 

The  Combination  Metallic  Packing  Company,  Ltd.,  of 
Gateshead-on-Tyne«— A  well-designed  catalogue  of 
twelve  pages  and  cover,  printed  in  four  colours,  deal- 
ing with  the  principal  speciality  of  this  firm — viz., 
metallic  packings.  We  are  told  that  the  packing  is 
designed  to  suit  either  horizontal  or  vertical  engines,  is 
suitable  for  all  speeds,  self-adjusting  as  to  wear,  and, 
•'  once  fitted,  is  no  trouble  to  those  in  charge  of  the 
engine."  A  list  of  well-known  names  in  the  engineer- 
ing world  is  given  as  an  indication  of  the  popularity  of 
these  packings,  and,  we  understand,  80,000  sets,  or  an 
aggregate  of  3,000,000  h.p.,  have  already  been  fitted. 
The  sectional  drawings  showing  the  different  modes  of 
application  are  exceptionally  interesting. 

Toope's  Asbestos  CoveringCompany,  Ltd.,  Stepney  Square, 
London,  E* — A  catalogue  and  price  list,  of  twenty-four 
pages  and  cover,  dealing  with  the  '*  Toope  Patent  Pure 
Asbestos,"  the  '*  Toope  Patent  Hair-felt  Coverings," 
their  "Asbestos  Infusorial  Silicate  Plastic  Composi- 
tion," and  a  silicate  papier-mache  non-conducting 
composition,  for  covering  or  coating  steam  boiler?i 
steam  pipes,  hot-air  or  blast  pipes,  cylinders,  super- 
heaters, and  vacuum  pans  ;  also  for  protecting  water- 
pipes,  tanks,  etc.,  from  frost.  For  the  asbestos  many 
advantages  are  claimed,  the  principal  of  which  is  that 
it  acts  as  a  perfect  non-conducting  medium  between 
the  steam  pipes  and  the  atmosphere,  and  prevents  the 
radiation  of  heat  and  condensation  of  steam  in  its 
transit  from  boiler  to  cylinder.  Another  interesting 
speciality  is  their  non-conducting  removable  coverings, 
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which  are  made  in  sections,  3  ft.  long,  to  fit  on  pipes 
any  diameter,  from  fin.  to  2  ft.,  and  from  f  in.  to  6  in. 
in  thickness. 

The  Httgherjohnsofi  Stamping^  LtdU  Langky^  Birming- 
ham*—This  is  a  neat  little  booklet,  entitled  "  Drop- 
forgings,"  describing  and  illustrating  their  various 
specialities  in  steel  manufactures,  viz.,  weldless  eye- 
bolts  of  many  designs,  bow  nuts,  weldless  wrought 
steel  swivels,  machine  spanners,  lathe  carriers,  shaft 
collars,  lathe  chuck  jaws,  level  and  handle  ends,  hooks  of 
various  kinds,  and  a  variety  of  automobile  forgings. 
Particular  attention  is  called  to  their  roller  boiler  tube 
expander,  which,  it  is  claimed,  can  be  used  where  it 
would  be  difficult  or  impossible  to  use  the  ordinary 
tool  ;  and  an  additional  advantage  is  that  one  of  the  tube 
expanders  can  be  adapted  to  tubes  of  several  sizes. 

The  Library  Supply  Company,  181,  Qoeen  Victoria 
Strcett  E.C — We  have  been  favoured  with  some 
advance  sheets  of  a  new  catalogue  which  this  firm  will 
shortly  issue,  and  if  the  collection  before  us  may  be 
taken  as  a  fair  criterion,  the  completed  catalogue  will 
reflect  much  credit  on  its  designers.  The  principal 
speciality  of  this  firm  is  the  manufacture  and 
supply  of  up-to-date  ol^ce  furniture,  special  attention 
being  given  to  the  fitting  and  furnishing  of  town  halls 
and  public  buildings,  libraries,  museums,  technical 
schools,  insurance  offices,  banks  and  business  offices 
generally.  Another  speciality  worthy  of  notice  is  the 
card-system,  and  a  particularly  interesting  illustration 
shows  a  double-desk  cabinet  for  cost  records.  This, 
in  addition  to  24  ordinary  drawers,  has  104  slide  trays, 
and  affords  capacity  for  190,000  cards.  The  card- 
system  is  very  highly  spoken  of  as  a  simple  labour- 
saving  device,  and  applied  to  the  indexing  of  corre- 
spondence, drawings,  special  tools,  etc.,  is  proving  itself 
an  indispensable  adjunct  to  the  office  equipment  of  the 
engineer. 

Andrew  Handyside  and  Co*,  Ltd*,  Britannia  Iron- 
works, Derby.— Catalogue  C. — This  is  an  illustrated 
book  of  designs  for  fountains  and  vases  cast  in  iron 
and  bronze,  and  costing  from  £1  to  ;£i,2oo.  The 
Britannia  Ironworks,  Derby,  is,  we  are  told,  one  of  the 
oldest  foundries  for  this  purpose  in  England.  The  cover 
design  is  one  of  exceptional  merit.  A  striking  com- 
bination of  light  and  shade  is  heightened  by  the  novel 
colour  scheme.  The  artist  shows  a  model  fountain, 
the  amber  waters  of  which  are  sharply  outlined  against 
a  background  of  black  and  olive  green,  introducing  a 
terrace  and  parterres.  The  trees  beyond  are  silhouetted 
in  black,  and  the  artist  has  cleverly  rendered 
the  sparkle  of  the  water  from  the  fountain.  White  is 
employed  only  for  the  words  *'  Fountains  and 
Vases— Handyside,"  which  are  thus  made  to  stand 
out  incisively  without  detracting  from  the  design. 
There  are  also  some  particularly  fine  inset  plates,  drawn 
to  scale,  illustrating  to  great  advantage  some  of  their 
magnificent  ornamental  cast  iron  and  bronze  work  in 
fountain  vases,  and  the  drawings  both  of  these  and 
fountain-head    and    basin    designs,    as   well    as    the 


ornamental  garden  vases,  of  which  there  are  some  thirty 
examples,  are  particularly  interesting.     Altogether  z  * 
very  useful  catalogue,  and  one  from  which  much  asehd 
information  as  to  the  cost  and  mode  of  fixing  fountains- 
can  be  obtained. 

Babcock  and  ^ilcoz.  Limited*— A  second  edition  of 
their  interesting  work  on  "  Patent  Water-Tube  Marine 
Boiler's  "  has  just  come  to  hand.  The  subject  matter 
embraces  articles  such  as  The  Water-Tut>e  BoiUer : 
Its  Status  ;  Requirements  of  the  Marine  Water-Tube 
Boiler ;  Description  of  the  Babcock  and  Wilcox  Boilers 
Comparison  with  Shell  Boilers ;  Re-boilering  U.S» 
Monitors;  Notes  on  Corrosion :  Causes  and  Prevent^ivc  . 
Measures  ;  Points  of  Interest  in  connection  with  Vessels 
fitted  with  Babcock  and  Wilcox  boilers,  etc.,  and  includes  ' 
a  large  quantity  of  most  valuable  data  obtained  frooi 
trials  of  Babcock  and  Wilcox  boilers  on  shore  and  at  sea* 
The  record  of  Babcock  and  Wilcox  boilers  in  American 
war  vessels  during  the  late  war  with  .Spain  appears  to 
be  of  exceptional  merit,'  and  forms  a  striking  coOH 
mentary  on  the  statement  so  frequently  made  in  Hm 
Press  that  water-tube  l>oilers  are  unreliable  and  exoeei^ 
ingly  costly  in  repair.  A  perusal  of  the  ariide  oa 
corrosion  and  the  accompanying  tables  should  be 
helpful  to  every  sea-going  engineer.  The  subject  is 
very  clearly  treated,  and  a  description  given  of  ao 
apparatus  supplied  to  all  ships  in  which  Babcock  an4- 
Wilcox  boilers  are  installed  for  determining  chemically 
the  amount  of  chlorine,  if  any,  in  boiler  water.  The 
book  is  profusely  illustrated,  and  many  of  the  plates 
are  of  a  high  order.  It  is  well  printed  on  art  papers 
and  is  bound  in  green  cloth.  The  pages  have  ample 
margins  and  are  clearly  arranged,  and  the  volume* 
apart  from  its  technical  value,  is  a  valuable  addition  tr> 
the  library. 

Howafd  Bros«t  Liverpool*— An  illustrated  catalogue  and 
price  list  of  twenty  pages  and  cover,  describing*  in 
"  pithy "  style  the  use  of  the  "  Dey  '*  Time  Register, 
which  we  understand  has  lately  been  considerably 
improved  by  various  additions  and  alterations.  This 
Time  Register  is  made  in  different  sizes  for  accommo- 
dating fifty  to  two  hundred  employees.  It  prints  tht 
exact  minute  in  a  very  convenient  form  on  a  paper 
sheet  inside  the  machine,  which  cannot  be  tampered 
with.  Each  record  is  separate  and  complete  in  itseff« 
and  no  matter  in  what  order  the  employees  come  in  or 
go  out,  their  numbers  are  bound  to  appear  in  consecu- 
tive order  on  the  time  slip,  with  all  the  registrations  Ibr 
day  or  week  (as  tke  case  may  be)  printed  in  l>old  tj^pd 
giving  the  exact  hour  and  minute  at  which  tttey 
register,  in  one  line  opposite  each  man's  numt)er.  A 
concise  time  sheet  is  thus  furnished,  showing  a  complete 
record  at  a  glance.  Several  highly  commendatory 
letters  from  customers  of  many  years'  standing  are  re- 
produced. That  the  machine  is  very  simply  constructed 
is  demonstrated  by  a  half-tone  illustration  of  its  interior. 
It  is  consequently  blessed  with  almost  complete 
immunity  from  the  vexatious  and  oftentimes  cosQy 
irregularities  to  which  complex  mechanism,  in  all  forms, 
is  so  liable. 
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HILLING    HACHINES. 


JOSEPH     HORNER. 

Treats  of  Vertical  Spindle  Milling  Machines. 
Fifth  Article* 

HE  advantages  which 
the  vertical  spindle 
machine  possesses 
are  so  obvious  in 
certain  classes  of 
work,  that  there  is 
practically  no  choice 
between  these  and 
the  horizontal.  Face 
mills  are  used  much 


better  and  more  frequently  on  these  than  on 
the  horizontal  types,  in  which  edge  mills 
predominate,  and  although,  when  the  face 
of  the  work  is  vertical,  there  is  the  advantage 
that  the  cuttings  fall  away  readily,  which 
they  cannot  do  from  a  horizontal  face,  this 
advantage  is  but  slight  compared  with  the 
other  benefits  which  follow  from  the  horizontal 
position  of  the  work.  Of  course,  the  chips  can 
be  brushed  off  frequently,  and  a  hand  brush  is 
generally  kept  for  the  purpose.  Sometimes 
also  a  suction  pipe  is  arranged  over  the  table, 
with  an  exhaust  fan  connected  to  draw  away 
the  cuttings,  though  this  plan  is  not  very 
common  as  yet. 

The  chief  advantages  of  having  the  face  of 
the  work  horizontal  are  that  it  is  well  under 
observation,  that  it  is  the  best  position  when 
heavy  masses  have    to    be    handled,  and  that 


FIG.    I 


•  The  previous  articles  dealt  with  the  various  classes  of  Lincoln  type  machines  (July)  ;  the  general  design  of  the 
pillar  and  knee  types  (August)  ;  the  universal  indexing  and  dividing  heads,  tailstocks,  and  other  fittings  (September)  ; 
and  boxes  of  gears  for  producing  positive  feeds— also  circular  milling  and  vertical  spindles  (October).  The  series 
is  illustrated  throughout. 
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settings  can  as  a  rule  be  effected  better  when  in 
that  position.  In  many  cases,  especially  in  pro- 
file work,  there  is  practically  no  choice.  A 
vertical  spindle  machine  is  essential  when 
circular  milling  has  to  be  done  on  large  pieces  ; 
and  though  there  are  a  few  horizontal  spindle 
machines  designed  for  circular  work,  these  are 
for  special  purposes,  as  pulleys,  gear  wheels,  etc. 
A  vertical  spindle  is  practically  necessary  in  the 
case  of  all  facing  done  on  large  pieces  which 
must  be  fastened  down  on  a  table,  either 
because  they  are  of  too  large  bulk  to  be  put  on 
an  angle  plate,  or  because  of  the  absence  of 
means  of  fastening  edgewise  on  the  table. 
Another  special  value  of  the  vertical  spindle  is, 
that  faces  and  edges  can  be  operated  on  without 
re-setting  the  work  ;  face  mills  on  the  first,  and 
edge  mills  on  the  second.  We  therefore  find 
that  large  vertical  machines  are  more  frequently 
used  than  large  horizontals,  except  the  rotary 
planers,  which  are  a  class  by  themselves.  But 
taking  the  Lincoln  millers,  and  the  pillar  and 
knee  machines,  we  have  very  few  examples  of 
these  which  can  compare  with  the  heaviest 
vertical  spindle  machines  in  size. 

THI    QINIRAL    TYPI. 

Probably  the  largest  number  of  heavy  and 
medium  vertical  millers  made  are  built  on  what 
we  may  term  the  drilling  machine,  or  slotting 
machine  model.     A  broad  base,  an  upright  of 


box  section  and  an  overhanging  head  cast  in  one 
piece,  carry  the  milling  spindle  and  driving 
gears  on  the  head,  and  the  upright  receives  the 
sliding  knee  with  compound  tables  for  traversing 
or  rotating  the  work  under  the  cutter.  This 
type  occurs  in  many  variations,  and  is  a  popular 
and  useful  machine.  It  follows  that  of  the 
slotting  machine  in  another  particular.  In  very 
heavy  tools  the  knee  model  is  abandoned,  and 
the  main  frame  is  extended  in  front  from  the 
upright,  to  form  a  bed  resting  solidly  on  the 
ground,  and  carrying  the  compound  slides.  The 
advantage  of  this  design  is  that  larger  pieces  of 
work  will  clear  the  upright,  and  that  a  larger 
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FIG.  9.      TWO  AND   FIVE-EIGHTH-INCH   SPIXDLE    MILLING    MACHINE.       BY   A.    HERBERT,    LTD.,   COVENTRY. 
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traverse  in  the  direction  of  the  upright  is 
obiainable. 

Illustrative  of  the  conservatism  of  practice 
observable  in  many  of  the  vertical  machines 
of  the  slotting  or  drilling  type,  is  the 
retention  of  geared  drives.  In  some  the 
resemblance  is  exact,  the  stepped    belt  cones 

back-geared — driving  a  pair  of  bevel  wheels, 
one  of  which  is  keyed  on  to  the  cutter  spindle. 
Modern  ideas  are  not  favourable  to  the  retention 
of  the  geared  drive,  a  simple  high-speed  belt 
drive  on  to  the  spindle  being  preferred,  and 
fitted  now  by  many  manufacturers. 

In  the  vertical  machine  the  weakest  points 
have  been  the  knee,  the  upper  portion  of  the 
framing,  and  the  spindle  fittings.  The  knee, 
therefore,  is  abandoned  in  many  machines,  not 
only  of  large  size,  but  in  those  of  moderate 
dimensions,  and  the  base  rests  on  the  founda- 
tion. The  upper  portion  of  the  framing  is  made 
of  very  massive  proportions  by  firms  who 
understand  the  necessity  of  avoiding  all  possible 
clatter  and  vibration.  The  spindle  is  of  large 
diameter,  and  of  a  good  quality  of  steel,  and 
provision    is    made   for  supporting   the  arbor 


below  the  cutter — the  same  provision  which 
exists  in  the  horizontal  spindle  machines.  The 
best  machines  of  to-day,  therefore,  bear  little 
resemblance  to  those  of  a  few  years  since. 

THI    8PINDUI    HKAD    AND    8LIDB. 

It  is  necessary  to  make  the  spindle  head  of  a 
milling  machine  movable  in  order  to  afford 
support  close  to  the  cutter  at  all  heights  of  its 
range.  This,  it  may  be  observed,  is  a  device 
which  is  adopted  in  many  modern  drilling 
machines,  and  one  which  is  absent  from  many 
of  the  older  types,  thus  causing  unsteadiness 
when  drilling  down  deeply. 

In  the  vertical  machines,  the  slides  which 
carry  the  spindle  and  milling  cutter  are  counter- 
balanced, and  provision  is  made  for  vertical 
adjustment  to  suit  varying  heights  of  work,  either 
by  hand  or  power,  much  in  the  same  fashion  as 
drilling  heads  are  operated.  If  adjusted  by 
hand,  a  hand  wheel  at  the  side  of  the  machine 
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FIG.    lO.      FIVE-IXCH   SPIXDLE   MILLING   AND   PROFILING   MACHINE.      BY   KENDALL  AND  GENT, 

MANCHESTER. 
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FIG.  4. 


within  easy  reach  of  the  attendant  actuates  spur 
gears  above,  by  which  the  vertical  feed  screw  is 
turned.  If  by  power,  the  feed  is  through  worm 
gear,  operated  by  a  belt  pulley.  In  some  of  the 
lightest  machines  a  treadle  is  used  to  pull  the 
head  down.  This  is  of  especial  value  in  die 
sinking,  as  well  as  in  other  departments  of  work. 

COUNTER  BALANCING. 

The  weight  of  the  spindle  head  is  differently 


balanced  in  various  machines.  In  some  a  weight 
is  carried  overhead,  sustained  by  cords  that  pass 
over  small  guide  pulleys,  carried  at  the  top  of 
pillars.  In  a  few,  a  horizontal  lever  has  a  weight 
at  its  extremity.  In  a  neater  pattern,  a  weight 
concealed  within  the  framing  is  suspended  by  a 
cord  or  cords,  or  in  some  cases  by  chains 
passing  from  the  head  over  guide  pulleys.  The 
lightest  spindles  are  counterbalanced  by  a 
coiled  spring  above. 
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FIG.    II.      VERTICAL   MILLING    MACHINE.      BY   THE   GARVIN    MACHINE  COMPANY. 
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FIG.    13.      THREE   AND   A   HALF-IXCH   SPINDLE   VERTICAL   MILLING    MACHINE. 
HY  JAMES   ARCH  DALE   AND  CO.,    BIRMIXGHA:M. 
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TRANSITIONAL    OR    COM  BIN  ID    FORMS. 

Reference  was  made  in  our  last  article  to 
the  combination  of  vertical  and  horizontal 
spindles,  of  which  an  illustration  was  given. 
So  much  is  done  in  this  way,  that  we  may 
consider  these  machines  as  affording  transitional 
links  between  the  two  great  types. 

CONTINENTAL    MILLING    HKADS. 

The  milling  machines  by  the  firm  of  Pretot, 
of  Paris,  have  the  spindle  bearing  pivotted  near 
the  cutter  end,  A  (fig.  i),  and  moved  about  a 
quadrant-shaped  head  at  the  other,  B,  in  which 
it  can  be  clamped  at  any  angle,  from  horizontal 
to  vertical.  In  the  small  machines,  the  spindle 
bearing  is  adjusted  by  hand,  as  in  fig.  i.  In  the 
larger   sizes,  a     hand    wheel    actuating  mitre 


wheels  turns  a  screw  in  a  nut,  which  is  con- 
nected to  the  bearing  through  the  quadrant 
slot.  The  screw  is  pivotted  to  give  freedom  of 
movement  at  varying  angles.  The  driving  and 
guide  pulleys  are  carried  in  a  cast  frame  of 
U-shape,  which  is  attached  to  the  upper  end  of 
the  bearing.  The  small  spur  gears  seen  within 
the  belt  pulley  are  used  in  conjunction  with 
two  others,  hidden  by  the  pulley,  to  give  a  slow 
geared  drive — back  gears  in  fact — and  used  in 
cases  where  a  more  powerful  cut  is  required 
than  the  belt  drive  alone  can  stand  up  to. 

A  curious  Continental  design  by  Vautier  and 
Co.  contains  provision  for  vertical  and  hori- 
zontal milling  by  two  separate  spindles  (fig.  2), 
the  vertical  one  having  to  be  swivelled  to  one 
side  to  permit  of  the  horizontal  one  being  used. 
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The  vertical  head,  A,  therefore  swivels  on  the 
top  of  the  pillar,  B,  to  any  horizontal  angle, 
and  this  is  taken  advantage  of  to  perform 
angular  milling  without  swivelling  the  table  as 
in  the  common  design.  To  use  the  horizontal 
spindle,  when  the  vertical  head  is  swivelled 
around  90  degs.,  an  overhanging  centre,  C, 
carried  in  the  head  comes  into  place  to  support 
the  cutter  arbor,  as  indicated  in  dotted  outline. 
There  is  no  back  gear,  but  the  spindles  are  belt 
driven  only,  the  vertical  one  with  a  belt  coming 
from  the  cone  pulley  over  guide  pulleys,  the 


In  a  head  by  Sculfort  and  Fockedey  the  two 
spindles  are  arranged  as  in  fig.  4.  The  driving 
of  the  horizontal  spindle  is  done  from  the 
stepped  pulleys,  either  directly  or  through  back 
gears.  That  of  the  vertical  one  is  derived  from 
the  horizontal,  without  back  gear.  It  is  effected 
by  the  long  sliding  pinion,  A,  which,  to  obtain 
this  result,  is  pushed  by  the  knob,  B,  into 
engagement  with  the  wheel,  C,  on  the  cones. 
It  is  in  constant  engagement  with  a  pinion 
enclosed  in  the  hood,  D,  which  encloses  a 
horizontal  shaft,  and  so  drives  the  vertical  one 


FIG.  6. 


horizontal  one  from  the  cone  pulley   through 
one  pair  of  equal  spur  gears. 

A  French  device  is  illustrated  in  fig.  3,  by 
Bariquand  and  Marre,  in  which  the  machine  is 
shown  arranged  for  vertical  milling.  The 
vertical  spindle  is  driven  from  the  horizontal 
one,  through  spur  and  bevel  gears.  When  the 
horizontal  is  in  use  the  head  is  turned  round 
180  degs.  on  the  vertical  face,  A,  so  bringing 
the  overhanging  centre,  B,  into  position  in  hne 
with  the  horizontal  spindle.  The  head  can  be 
also  set  to  any  vertical  angle  on  the  face,  A,  of 
the  upright. 


through  equal  bevels.  The  bracket,  E,  which 
carries  the  vertical  spindle  and  gears,  pivots  on 
the  face  of  the  top  casting,  and  can  be  set  to 
any  vertical  angle. 

The  diagrams  (figs.  5  and  6)  illustrate  an  Italian 
head  by  Edmondo  Dubosc,  of  Turin.  This  also 
swivels  on  a  vertical  face.  A,  on  the  column. 
Here  also  two  spindles  are  used,  the  vertical 
one  being  thrown  round  90  deg.  when  the 
horizontal  is  in  service.  The  driving  of  the 
horizontal  spindle  is  through  a  spur  wheel,  B, 
from  the  back  gear  wheel  next  the  large  step 
of  the  cone.     The  swivelling  head  carries  a 
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socket  to  receive  a  steady  bar,  C 
(fig.  6),  and  centre  to  support  the 
overhanging  end  of  the  arbor  for 
horizontal  milling. 

THE    REINICKER     MACHINE. 

A  vertical  machine  (fig.  7),  by  J.  E. 
Reinecker,  represented  in  England 
by  Pfeil  and  Co.,  has  a  swivel  head 
with  a  large  and  substantial  circular 
base  attached  to  a  face  on  the  main 
frame.  The  single  spindle  is  driven 
through  stepped  cones  and  bevel 
gearing,  and  is  back-geared,  driving 
through  bevels,  the  gear  arrange- 
ments being  identical  in  any  position 
of  the  spindle  from  vertical  to 
horizontal. 

THE    VAN     NORMAN     MACHINE. 

The  Waltham  Watch  Tool  Com- 
pany make  a  very  unique  machine 
with  a  head  that  swivels  from  ver- 
tical to  horizontal.  The  head  fits  on 
one  side  of  the  main  frame,  and  the 
latter  has  a  movement  of  9  in.  in 
and  out  over  the  top  of  the  column, 
the  movement  being  operated  by  a 
hand  wheel.  The  overhead  arm, 
compound  tables,  and  knee  are 
similar  to  those  in  other  machines. 
But  the  machine  is  rope  driven,  the 
rope  being  made  of  woven  strands 
of  raw  hide  lacings.  The  rope  starts 
from  a  groove  on  the  main  pulley, 
which  is  at  the  rear  of  the  machine 
on  the  main  driving  shaft,  and  belted 
from  the  countershaft.  It  passes  from  the 
pulley  over  a  series  of  idler  pulleys  which 
change  its  direction  of  motion  to  the  cutter 
spindle.  Tightening  pulleys  are  fitted  near  the 
bottom,  being  mounted  on  a  movable  block 
which  slides  on  two  upright  rods,  and  is 
adjusted  with  a  ratchet  lever,  and  pawl-locking 
device.  Although  rope  driven,  this  is  not  a 
very  light  machine,  for  it  weighs  about  a  ton. 
The  spindle  is  back-geared.  The  table  is  36  in. 
long,  and  has  an  automatic  feed  of  22  in.,  and 
the  knee  has  a  vertical  range  of  18  in. 

The  foregoing  designs,  of  which  there  are 
various  modifications,  have  not  become  popular 
in  England.  Apart  from  exceptionally  good 
design  and  workmanship,  the  combination  form 
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FIG.  7. 


VERTICAL   MILLING   MACHINE,   WITH    SWIVEL   HEAD. 
BY  J.    E.    REIN'ECKER,   CHEMXITZ-GABLEXZ. 

is  not  considered  favourable  to  stability  and 
accuracy.  There  is  no  question  of  the  handi- 
ness  of  the  arrangement,  especially  in  the 
smaller  shops.  But  apart  from  these,  and  other 
exceptional  cases  where  angular  and  vertical 
and  horizontal  milliiig  are  combined  in  the 
same  pieces,  it  is  better  to  have  horizontal  and 
vertical  machines  distinct. 

We  will  now  resume  our  account  of  strictly 
vertical  machines,  and  give  a  selection  of  illus- 
trations of  this  type. 

THE    BECKER-BRAINARD    MACHINES. 

These  machines,  for  which  Messrs.  Selig, 
Sonnenthal  and  Co.  are  the  English  agents,  are 
of  an  excellent  design,  and  have  been  the  model 
upon   which   others    have   been    largely   built. 
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FIG.   8.       VERTICAL    MILLING    MACHINE.       BY    THE    BROWN   AND 
SHARPE    MANUFACTURING   COMPANY. 


They  are  all  belt  driven,  and  all  have  knees 
adjustable  on  their  columns.  The  main  frame 
is  stiffly  built,  and  is  a  single  casting  arching 
over  to  the  spindle  bearings. 

In  the  nine  or  ten  sizes  in  which  they  are 
built,  the  spindles  range  from  i  in.  to  4}  in.  in 
diameter,  the  weights  of  the  machines  ranging 
from  11^  cwts.  to  over  3  tons.  A  feature  by 
which  they  are  all  characterised  is  the  fitting  of 
an  auxiliary  support  to  the  upper  end  of  the 
spindle,  which  is  mounted  on  the  head  of  the 
main  frame  casting,  and  adjustable  thereon. 
It  takes  the  pull  of  the  belt  immediately  under 
the  belt  pulley,  and  so  relieves  the  spindle  there 


of  the  belt  strain  and  friction, 
and  preserves  its  alignment. 
As  it  becomes  worn  it  can  be 
readjusted  by  slackening  the 
bolts,  and  moving  it  forward 
with  a  set  screw. 

The  smallest  sizes  of  these 
machines  are  run  at  high 
speeds,  and  the  vertical  move- 
ment of  the  spindle  is  con- 
trolled by  a  foot  lever.  The 
head,  being  counterbalanced, 
returns  automatically  when  the 
pressure  of  the  foot  is  removed. 
Both  hands  are  thus  left  free 
to  manipulate  the  table  slides. 
A  stop  gauge,  with  micrometer 
readings,  regulates  the  depth 
of  cut.  In  the  larger  sizes  of 
machines  the  foot  lever  is 
abandoned,  and,  in  the  largest 
of  all,  a  hand  wheel,  with  worm 
gears,  is  provided,  and  the 
tables,  operated  by  hand  in  the 
smaller  sizes,  have  their  move- 
ments made  self-acting,  includ- 
ing that  of  the  circular  table. 
The  spindle  ends  are  threaded 
to  receive  large  face  mills.  A 
feature  in  these  machines  is 
the  gripping  jaws,  which  work 
in  combination  with  the  tee 
slots  of  the  table  in  place  of  a 
vice,  with  the  advantage  that 
any  width  up  to  the  limits 
of  the  table  can  be  gripped, 
whereas  with  a  vice  the  length 
of  work  held  is  limited  by 
the  capacity  of  the  vice  opening. 

THE    BROWN    AND    SHARPE    MACHINE. 

Figure  8  illustrates  the  latest  vertical  spindle 
machine  by  the  Brown  and  Sharpe  Manufactur- 
ing Company.  A  circular  table,  though  not 
shown  in  the  illustration,  can  be  fitted  when 
required.  The  machine  is  belt  driven,  and  is 
not  back-geared.  The  spindle  has  twelve 
changes  of  speed,  utilising  two  speeds  at  the 
counter.  They  range  from  85  to  1,260  revolu- 
tions per  minute.  The  lower  end  is  bored  to  a 
No.  10  B.  and  S.  taper.  The  arbors  are  held  by 
a  bolt  that  passes  through  the  spindle.      The 
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head  has  a  vertical  movement  of  4  in.  'l  y  hand 
wheel,  provided  with  means  for  either  rapid  or 
fine  adjustment.  A  micrometer  stop  controls 
the  depth  of  cut.  The  table  feeds  aio  automatic 
in  each  direction,  with  automatic  release,  and 
they  can  also  be  reversed  by  a  lever  in  front  of 
the  machine.  There  are  twelve  changes  of  feed, 
with  index,  ranging  from  005  in.  to  '125  in.  per 
revolution  of  the  spindle. 

THK     HKRBKRT     MACHINE. 

The  latest  vertical  machine,  by  Alfred  Herbert, 
Ltd.,  of  Coventry,  is  shown  in  fig.  9.  It  is  belt 
driven,  with  cut  back  gears,  which,  like  the  rest 
of  the  wheels,  are  enclosed.  Several  sizes  of 
this  type  are  made,  the  one  illustrated  having  a 
2i-in.  spindle.  The  knee  moves 
on  long  sliding  faces,  and  the 
weight  of  the  overhanging  por- 
tion is  carried  on  a  stout  vertical 
adjusting  screw.  A  point  to 
observe  is  that  all  the  operating 
hand  wheels  and  handles  are 
brought  to  the  front  of  the 
machine,  from  which  the  atten- 
dant need  not  move  away. 

The  spindle  slide  is  counter- 
balanced. It  is  raised  and  lowered 
by  the  hand  wheel  in  front,  which 
actuates  a  worm  and  wheel,  and 
a  rack  and  pinion.  A  micrometer 
adjustment  is  fitted  by  means  of  a 
graduated  dial  behind  the  wheel. 
The  vertical  movement  of  the 
head  is  regulated  for  any  number 
of  pieces  by  an  adjustable  dead 
stop  seen  in  front.  Just  above  it 
is  a  handle  by  which  the  slide  is 
locked  to  the  face  of  the  frame 
during  cutting.  The  distance  from 
the  spindle  centre  to  the  column 
is  16  inches. 

The  spindle  bearing  is  of  hard 
phosphor  bronze,  adjustable  to 
take  up  wear.  The  nose  of  the 
spindle  is  threaded  to  receive 
large  cutters.  It  is  bored  with  a 
No.  10.  B.  and  S.  taper  hole,  and 
is  provided  with  a  positive  clutch 
drive  for  ordinary  arbors.  The 
arbors  are  attached  with  a  draw 
bolt  passing  through  the  spindle. 


A  good  point  is  that  the  belt  pulley  runs  on  a 
sleeve  instead  of  directly  on  the  spindle,  so 
that  the  latter  is  relieved  from  the  pull  of  the 
belt.  The  spindle  has  twelve  changes  of  speed, 
including  that  provided  by  the  back  gear  and 
a  two- speed  counter,  varying  from  13*5  to  333 
per  minute.  The  vertical  movement  of  the 
spindle  is  7^  in.,  that  of  the  table  12  in.,  and 
.he  maximum  distance  from  the  surface  of  the 
table  to  the  spindle  is  19  in.  The  compound 
table  slides  have  a  longitudinal  feed  of  36  in., 
and  one  in  the  transverse  direction  of  12  in., 
automatic  in  either  direction  with  stops.  A 
circular  table  is  fitted,  detachable,  with  auto- 
matic feeds  in  each  direction,  and  it  is  indexed 
around  the   edge.       The    maximum   distance 


FIG.   12. 


VERTICAL   MILLING    MACHINE.      BY  THE    RICHARDS 
MACHINE   TOOL  COMPANY,    LONDON. 
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from  the  top  of  the  circular  table  to  the  spindle 
hSexed  "^  '"•     ^^^  adjustments  are  all  properly 

The  spindle  feeds  are  through  the  small  four- 
stepped  cones,  driving  gears  in  a  box  at  the  base 
oi  ine  upright.  Sixteen  changes  are  thus  pro- 
vided  varying  from    334  in.  up  to  85  in.  per 

^  Ar\  t^  ^^^  P^°^P»  tank,  and  fittings  are 
provided  for  the  cutters,  and  the  circular  table 
lias  an  oil  channel  around  its  edge. 

THe    KCNDALL   AND    QKNT  MACHINC 

A  very  fine  specimen  of  a  vertical  milling  and 
profiling  machine,  by  Kendall  and  Gent,  of  Man- 
chester, is  shown  in  i\g.  10.  It  is  the  largest 
but  one  of  a  series  of  five  manufactured  by  this 
firm,  in  which  the  spindles  range  from  2  in.  to 
6  in.  in  diameter.  It  has  a  5-in.  spindle,  and 
weighs  13  tons. 

In  these  machines  the  upright  and  long  base 
are  cast  in  one.  The  upright  carries  three 
brackets.  One  is  bolted  fast  at  the  head  to 
receive  the  spindle  and  back  gears  ;  another,  a 
sliding  bracket,  supports  the  lower  end  of  the 
spindle  from  minimum  to  maximum  heights — 
in  this  case  ranging  from  10  in.  to  2  ft.  6  in. ; 
and  the  third  is  a  hinged  bracket,  which  steadies 
the  lower  end  of  the  arbor  when  using  face 
mills,  and  carries  the  profiling  roller.  The  base 
receives  the  compound  tables,  and  a  circular 
table;  with  automatic  feeds,  and  reversing 
motions  to  each. 

The  machine,  though  of  such  large  dimensions, 
is  belt-driven,  with  the  result  that  no  bevel 
wheels  are  employed.  Only  the  back  gear  spur 
wheels  are  retained,  being  necessary  for  heavy 
cutting,  and  these  are  not  on  the  driving  cones, 
but  in  direct  connection  with  the  main  spindle, 
in  accordance  with  what  is  now  considered  the 
best  practice.  There  is  no  good  reason  why 
this  should  not  be  so.  These  features  are  also 
embodied  in  many  of  the  later  drilling  machines, 
and  ordinary  lathes  have  always  had  their  back 
gears  next  the  cone  pulleys  ;  indeed,  there  is  no 
reason  why  other  machines  should  have  the 
gears  separated  widely  from  the  cones  with  no 
apparent  advantage. 

The  movable  bracket  which  steadies  the 
lower  end  of  the  spindle  is  raised  and  lowered 
by  the  hand  wheel  seen  in  front  of  it,  actuating 
two  screws,  driven  by  two  pairs  of  angle  wheels. 
The  nuts  of  the  screws  are  carried  on  the  fixed 
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bracket  above.  The  lower  bracket  or  steady  is 
hinged,  so  that  it  can  be  turned  aside  when  face 
cutters  are  being  used.  It  also  contains  pro- 
vision for  vertical  adjustment 

The  table  gears,  which  are  all  protected, 
contain  provision  for  the  movement  of  the 
slides  by  hand,  and  automatically  ;  the  double- 
ended  levers  seen  in  front  of  the  hand  wheels 
locking  or  loosening  them.  Graduated  rules 
and  pointers  are  fitted  to  these,  and  also  to  the 
vertical  slide  on  the  upright  The  circular 
table  is  divided  round  and  fitted  with  a  pointer. 
It  has  an  oil  tray  around  it,  and  a  mandrel  is 
fitted  in  the  centre. 

The  speeds  are  obtained  from  the  four- 
stepped  cones  at  the  rear,  below,  doubled  by 
the  back  gears.  When  the  back  gears  are 
thrown  out,  high  speed  cutting  for  finishing 
cuts  and  work  on  brass  and  gun-metal  can  be 
done.  The  feeds  are  derived  from  a  four- 
stepped  pulley  carried  on  brackets  on  the 
upright,  driving  to  a  similar  pulley  set  in  a 
reverse  position  below.  A  worm  at  the  end  of 
the  lower  shaft  actuates  a  worm  wheel  through 
which  motion  is  communicated  to  the  spur  gears 
which  actuate  the  slides.  An  index  plate  is 
attached  to  the  machine,  giving  the  rates  of 
feed  on  the  various  steps.  A  centrifugal  pump, 
seen  at  the  base  of  the  machine  to  the  right, 
supplies  lubricant  to  the  cutters. 

THE     QARVIN     MACHINK. 

A  belt-driven  Garvin  machine,  for  which 
Messrs.  Burton,  Griffiths  and  Co.  are  agents,  is 
illustrated  in  fig.  11.  Some  of  the  best  points 
of  this  machine  are  not  in  evidence  in  the 
photo.  They  are  the  following  :  The  feed  of 
the  table  is  by  a  screw  rack  cut  on  the  under- 
side of  the  table. .  The  worm  by  which  it  is  driven 
runs  in  oil,  is  of  bronze,  and  is  divided  to  take  up 
slackness.  The  feed  gears  run  in  oil,  and  are 
well  protected.  The  circular  table,  which  is 
fed  by  hand,  has  its  worm  and  wheel  encased. 
The  worm  can  be  thrown  out  of  engagement 
in  order  to  bring  the  table  round  to  any  point 
at  once.  The  table  can  also  be  locked  in  any 
position.  Its  edge  is  graduated  into  degrees. 
The  table  elevating  screw  has  a  ball  thrust  and 
the  screw  does  not  pass  through  the  floor.  In 
other  respects  the  machine  possesses  features 
common  to  high-class  tools  of  this  kind — such  as 
a  stiff  knee  of  boxed  section,  a  large  hand  wheel, 
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automatic  feeds,  and  trips  to  the  table  slides, 
the  arbor  secured,  and  removed  by  a  screw, 
and  micrometric  adjustments  to  the  slides. 
There  are  sixteen  changes  of  speed  by  cone,  back 
gear,  and  counter,  and  twelve  changes  of  feed. 

THK    8CULFORT    AND    FOCKKDKY    MACHINC 

In  a  heavy  vertical  machine  by  the  French 
firm  of  Sculfort  and  Fockedey,  of  Maubeuge,  a 
rather  novel  method  of  guidance  and  stiffening 
of  the  spindle  is  adopted.  The  sliding  head  only 
embraces  the  lower  portion  of  the  spindle,  the 
upper  part  sliding  in  a  fixed  capped  boss  at  the 
top  of  the  machine.  The  spindle  is  stiffened 
by  two  circular  guide  bars,  one  on  each  side, 
fixed  in  the  movable  head  below,  and  in  a 
cross  head  above  the  top  of  the  machine. 
The  weight  is  counterbalanced.  The  idea 
apparently  is  simplicity  in  fitting,  though  at  the 
same  time  a  splendid  stiffening  effect  is 
imparted  to  the  sliding  head  with  the  cutter, 
enabling  it  to  withstand  very  heavy  duty 
without   tremor. 

THK    RICHARDS    MACHINC 

A  stiff  vertical  spindle  machine  (fig.  12)  is 
made  by  the  Richards  Machine  Tool  Company; 
it  is  link-belt  driven,  and  generally  embodies 
the  details  of  the  horizontal  machine,  as 
described  in  the  first  article  of  this  series. 
Its  attachments  include  a  horizontal  spindle  and 
rack-cutting  device.  The  arm  and  spindle  have 
a  vertical  feed  of  16  in.  on  the  column  of  the 
machine,  with  automatic  stops.  The  arm  is 
moved  from  the  end  of  the  machine  by  the  crank 
handle,  with  readings  of  yoWin.  For  rapid 
adjustments,  the  hand  wheel  at  the  side  of  the 
arm  is  employed.  There  is  a  wide  range  of 
feeds  from  -g  J «  in.  to  ;J^  in.  per  revolution  of 
the  spindle,  and  these  can  be  changed  or  reversed 
by  the  small  crank  at  the  front  of  the  frame, 
while  the  machine  is  running.  The  spindle  has 
sixteen  speeds,  including  those  obtained  by 
back  gear. 

THK    ARCHDALK    MACHINK. 

Fig.  13   shows    a    fine    machine    by  James 


Archdale  and  Co.,  of  Birmingham.  It  weighs  6^ 
tons,  and  admits  2  ft.  4^  in.  in  height  above  the 
circular  table,  which  measures  2  ft.  6  in.  across. 
The  rectangular  table  is  4  ft.  3  in.  long  by 
2  ft.  2  in.  wide.  The  spindle  is  3^  in.  diameter. 
It  is  fitted  with  a  profiling  attachment,  and  can 
also  be  used  for  boring  and  drilling. 

The  spindle  is  carried  in  a  sUde,  which  is 
provided  with  hand  wheel,  and  with  self-acting 
variable  feed  motion  for  boring,  and  the  weight 
is  counterbalanced  by  chains  and  a  weight 
inside  the  hollow  column.  The  variable  down 
feed  is  through  stepped  cones,  actuating  a  worm 
and  wheel,  thence  to  spur  wheels  above.  The 
main  drive  is  through  stepped  cones  and  bevel 
wheels  to  the  spindle.  The  self-acting  feeds  to 
the  tables,  longitudinal,  transverse,  and  circular, 
are  variable  through  stepped  cones  belted  from 
the  driving  spindle.  The  circular  table  is 
detachable.  Troughs  receive  the  waste  lubri- 
cant, which  is  sent  back  to  the  cutter  by  a 
centrifugal  pump  fixed  at  the  side  of  the  column. 
The  lower  end  of  the  cutter  arbor  is  supported 
by  a  bracket  which  slides  on  the  face  of  the 
column  to  suit  the  varying  height  of  the  spindle. 
The  latter  runs  in  hard  gun-metal  bearings, 
adjustable  for  wear,  and  end  thrust  is  taken  on 
an  adjustable  steel  tail  pin. 

PROFILINa 

Profiling  is  a  special  department  of  the  work 
of  the  vertical  milling  machine,  and  one  of  its 
most  valuable  applications.  In  this  branch  any 
number  of  similar  pieces  of  irregular  forms  can 
be  produced  from  a  pattern  or  former.  The 
cutter  is  controlled  by  the  former  through  the 
medium  of  a  hardened  steel  pin,  or  roller,  which 
is  kept  in  contact  with  its  edge,  and  coerces  the 
movement  of  the  cutter  in  a  precisely  similar 
manner.  It  is  the  same  principle  as  that  which 
is  familiar  in  the  Blanchard  or  copying  lathe,  for 
turning  elliptical  or  other  forms,  but  applied  in 
a  different  manner.  Some  of  the  machines  here 
illustrated  are  suitable  for  profiling,  but  this 
subject  must  be  dealt  with  in  another  article, 
with  illustrations  of  more  highly  specialised  tools. 
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In  this  article  Mr.  Leyland  sketches  the  rise  and  progress  of  the  Germania  Yard,  shows  its  intimate  association 
with  German  naval  expansion,  and  describes  some  recent  achievements. 


HE  Germania  Shipbuilding 
Yard  at  Kiel,  which  has 
been  lately  taken  over  by 
the  great  firm  of  Krupp, 
and  is  being  largely  de- 
veloped by  them,  merits 
attention  in  this  country, 
rapid  growth  and  the 
bound  up  in  its  origin 
with  the  expansion  of  the 
The  astonishing  progress  made 


its 
is 


because     of 

fact   that    it 

and     purpose 

German  navy. 

by  the  Kaiser's  fleet  is  undoubtedly  one  of  the 

greatest  factors  in  the  politics  of  Europe,  and 

within  a  measureable  period  the  great  force 

which  is  being  created  will  play  a  large  part 

in  the  affairs  of    the    world.      Those  whose 

memories  do  not  go  back  very  far  remember  the 

time  when  the  only  navy  outside  our  own  that 


was  worth  serious  consideration  was  that  of 
France.  The  Germans  knew  nothing  about  sea- 
power.  They  were  still  engrossed  in  the  build- 
ing up  of  the  State  that  had  been  created  in 
1871,  were  breaking  down  the  barriers  of  Par- 
ticularism, and  were  welding  the  empire  more 
surely  together.  They  were  confronted  with 
social  difficulties,  were  enmeshed  in  the 
Kulturkampf,  and  were  vexed  with  agrarian 
problems.  The  aspirations  of  the  Great  Elector 
and  some  of  his  successors  towards  naval 
expansion  had  been  forgotten,  and  there  existed 
in  the  inner  mind  of  Germany  a  certain  distaste 
for  external  enterprise.  Bismarck  had  no 
sympathy  with  a  colonial  policy,  but  the  world 
was  wider  than  his  horizon,  and  when  at  length 
Germany  was  aroused  to  the  fact  that  the 
Fatherland  could  not  live  alone,  the  fairest  parts 
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of  the  world  for  colonial  enterprise  were  already 
in  other  hands,  and  German  subjects  were 
emigrating,  to  be  absorbed  in  other  nationalities. 
The  Reichstag  had  constantly  refused  to  vote 
money  for  naval  purposes ;  but  there  were  far- 
seeing  Germans,  and  not  any  seeing  further 
than  the  Emperor,  who  recognised  that  the 
welfare  of  the  country  and  the  growth  of  its 
commerce  and  industries,  as  well  as  its  place 
among  the  nations,  depended  upon  worldwide 
expansion — upon  the  creation  of  what  the  Em- 
peror himself  proclaimed  as  a  "Weltreich." 
When,  therefore,  Germans  looked  around,  and  saw 
the  countries  capable  of  being  colonised  occupied 
by  English  settlers  and  traders,  while  their  own 
unhealthy  possessions  were  mostly  the  prey  of 
functionaries,  there  was  born  in  them  that 
Anglophobe  spirit  which  grew  so  bitterly  during 
the  war  that  the  world  wondered  at  the  ex- 
aggeration of  its  tone. 


Out  of  that  spirit  came  the  new  Navy  Law  of 
Kvx\  which  h.is  done  so  much  to  promote  the 
v^  rNuUhni:  industries  of  the  country.  It  was 
t.  o.  n'Onxv,  that  in  order  to  protect  German  sea 
^  :.v  c    .s  v\    vv^vMWCS    there    existed    only   one 


means— she  must  have  "a  fleet  of  such  strength 
that  even  for  the  mightiest  Naval  Power  a  war 
with  her  would  involve  such  risks  as  to  jeopardise 
its  own  supremacy."  The  outcome  of  that  law, 
in  1920,  when  all  the  ships  have  been  com- 
pleted—built be  it  noted  in  German  yards — 
even  if  no  others  be  laid  down— and  there  are 
obvious  indications  that  a  new  programme^ 
especially  of  cruiser  construction,  is  contem- 
plated— will  be  to  give  Germany  38  battleships, 
20  large  cruisers,  and  45  other  cruisers,  with 
very  large  torpedo  flotillas.  I  do  not  propose 
to  go  any  further  into  the  political  or  naval 
significance  of  these  facts.  The  purpose  is  to 
show  how  great  has  been  the  stimulating 
influence  of  the  new  policy  upon  national 
industries,  and  particularly  upon  the  develop- 
ment of  shipbuilding  resources,  as  exemplified 
chiefly  in  the  surprising  growth  of  the  Germania 
Yard  at  Kiel.  In  1870,  Germany  had  seven 
iron  and  steel  shipbuilding  establishments,  with 
a  capital  of  4,800,000  marks  ;  in  1880,  eighteen, 
with  a  capital  of  15,300,000  marks  ;  in  1890, 
twenty-five,  with  a  capital  of  36,100,000  marks  ; 
and  in  1900,  thirty-seven,  with  a  capital  of 
66,000,000  marks.  The  full  effect  of  the  new 
naval  and  commercial  policy  was  now  felt,  and, 
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at  the  end  of  1901,  a  sum  of  66,000,000  marks 
had  been  embarked  in  some  ninety  establish- 
ments. It  must  ever  be  the  case  that 
where  a  definite,  consistent,  coherent,  and 
enduring  poHcy  is  adopted  by  a  State,  the 
manufactures  and  industries  concerned  will 
benefit  immensely  through  the  confidence  that 
results.  This  seems  to  be  a  very  important 
matter  to  all  who  are  concerned  in  shipbuilding 
and  the  allied  industries.  They  must  look  to 
the  stimulating  and  vivifying  effect  of  the 
enduring  policy  of  their  Government,  to  provide 
continuity  of  work,  and  to  justify  the  investment 
of  capital.  Nothing  can  be  more  to  the  advan- 
tage of  a  State  than  the  development  of  all  those 
private  establishments  whose  work  conduces  to 
its  welfare.  In  Italy,  policy  has  been  weak 
and  fitful  ;  in  France,  incoherent ;  even  in  the 
United  States  uncertain  ;  but  in  Germany,  as  in 
this  country,  there  is  a  definite  aim,  and  the 
Kaiser's  Government  is  making  giant  steps 
towards  its  end.  The  630,000  members  of  the 
German  Navy  League  are  its  exponents,  and  the 
Colonial  Party  the  solid  base  of  its  aspirations. 

Without  the  new  naval  policy  of  Germany, 
the  Germania  Yard  at  Kiel  could  not  have  been 
what  it  is.     It  is  now  a  part  of  the  great  esta- 


blishment of  Friedrich  Krupp,  and  has  an 
interesting  history.  In  its  origin,  as  a  machine 
and  engine  works  at  Tegel,  near  Berlin,  it  was 
the  first  large  establishment  in  Germany  capable 
of  building  engines  for  warships,  and  it  is  now 
the  only  private  yard  in  the  country  capable 
of  building  battleships  complete  in  every  par- 
ticular of  construction,  protection,  armament, 
and  fittings.  Its  final  completion  is,  of  course, 
in  its  union  with  the  great  gun  and  armour 
plate  works  at  Essen  and  Buckau,  near  Magde- 
burg, which,  Hke  the  steel  works  at  Annen,  the 
blast  furnaces  in  other  parts  of  Germany,  the 
three  coal  mines,  the  many  iron  ore  mines  in 
the  country,  and  a  share  in  those  at  Bilbao,  in 
Spain,  are  all  part  of  the  Krupp  establishment. 

HISTORY   OF    THK   QKRMANIA   YARD. 

The  history  of  the  Germania  Yard  may  be 
carried  back  to  the  year  1825,  when  F.  A.  Egell 
established  in  the  Lindenstrasse  in  Berlin  a 
machine  shop,  with  ten  workmen,  which  was 
presently  enlarged  and  removed  to  the  Chaussee- 
strasse.  Small  stationary  engines  were  built, 
and  when  the  work  increased,  foundries  and 
shops  were  built  at  Tegel,  near  Berlin.  In 
1871    the    firm    became  ;a    limited    company, 
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under  the  name  of  "  Markich-Schlesische 
Maschinenbau  und  Hiitten-Aktiengesellschaft." 
A  great  part  of  the  work  of  this  company  was 
in  building  ships'  engines  and  boilers  for  naval 
and  commercial  purposes,  and  in  1879  the 
company  bought  the  building  establishment 
known  as  the  Nord-Deutsche  Werft  atGaarden, 
near  Kiel,  which  had  been  founded  in  1865. 
The  operations  were  soon  extended,  and  in 
1882  the  Germania  Company  was  formed  to 
carry  on  the  work  of  the  dual  establishments 
at  Gaarden  and  Tegel.  A  fresh  development 
of  this  establishment  took  place  in  1896,  when 
the  Krupp  firm  took  over  the  management  for 
a  period  of  twenty-five  years,  with  the  right  at 
any  time  before  the  expiration  of  the  contract, 
to  buy  out  the  old  company.  This  was  brought 
about  finally  on  April  ist,  1902,  when  the  whole 
establishment  was  absorbed,  and  became  known 
as  the  "  Fried.  Krupp  Germaniawerft." 

IT8   CONNKCTION    WITH    THK    KRUPP   WORKS. 

It  may  be  interesting  to  say,  in  this  place,  that 
the  Krupp  firm  was  established  in  1810  by 
Peter  Friedrich  Krupp,  who  Uved  until  1826, 
having  built  smelting  furnaces  and  other  works. 
Alfred  Krupp  followed  him,  in  whose  time  the 
Essen  Works  developed  amazingly.   He  became 


the  sole  proprietor  in  1848,  and  started  the 
manufacture  of  weldless  steel  tyres.  A  50-ton 
hammer  was  built,  breech-closing  mechanisms 
were  introduced  for  big  guns,  the  Bessemer 
process  was  started,  rail  and  plate  mills  were 
estabHshed,  and  iron  ore  mines  were  opened. 
Then  in  1867  came  the  proving  ground  at  Essen, 
and  in  1876  that  at  Meppen.  The  open-hearth 
Martin  process  was  introduced,  and  the  Annen 
Works  were  incorporated.  Smokeless  powder 
came  in  in  1889,  and  new  breech  mechanisms 
for  quick-firing  guns  ;  and  between  1890  and 
1892  the  manufacture  of  armour-plate  was 
started,  and  hydraulic  forging  presses  of  2,000 
and  5,000-tons  pressure  were  built.  The  Gruson 
Works,  near  Magdeburg,  where  guns  and  turrets 
are  constructed,  and  another  proving  ground, 
were  purchased  at  the  same  time  ;  and  in  1896 
the  management  of  the  Germania  Yard  was 
taken  over,  the  whole  being  completed  by  the 
actual  purchase  of  the  yard  this  year.  The  sole 
proprietor  of  all  the  establishments  is  Herr 
Friedrich  Alfred  Krupp.  These  facts  are  in- 
teresting, because,  though  no  description  of  the 
Essen  or  Magdeburg  Works-  is  intended  here, 
it  will,  of  course,  be  understood  that  from  these 
establishments  come  the  guns,  armour-plates, 
and    many  large   steel  castings  and    forgings 
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necessary  for  the  ships  built  at  Kiel.  The 
number  of  employes  at  the  whole  of  the 
establishments  is  close  upon  40,000,  while  the 
total  number  of  men,  women,  and  children  who 
depend  upon  the  work  provided  is  estimated 
at  nearly  150,000. 

Although  the  machine  and  boiler  works  at 
Tegel,  near  Berlin,  in  which  about  1,000  work- 
men are  employed,  are  provided  with  com- 
plete equipment  for  constructing  the  most 
powerful  machinery,  with  great  steam  hammers, 
fitting  shops,  erecting  shops,  and  everything 
that  can  be  required,  it  is  intended,  for  the 
greater    facility    of    work,    to    transfer    them 


wholly  to  Kiel.  The  boiler  shop  was  removed 
about  two  years  ago,  and  by  this  time  other 
parts  of  the  establishment  have  been  trans- 
ferred. This  concentration  will  conduce  to 
economy  and  rapidity  of  work,  which  appear  to 
be  two  great  points  kept  in  view  by  the  firm. 

THE   OLD    QKRMANIA   YARD. 

The  old  Germania  Yard  at  Kiel,  which  has 
accomplished  a  great  work  for  the  German 
navy  and  some  good  things  for  other  navies 
also,  had  a  frontage  upon  Kiel  Harbour  of  about 
440  yards,  reaching  from  the  Imperial  Dock- 
yard   in    the    direction    of    the    harbour.      It 
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extended  a  considerable  distance  inland,  being 
bounded  by  the  railway  line  on  the  south-east. 
Near  the  entrance  was  the  lilock  of  ofiices  and 
the  mo  del- room,  with  a  photographic  studio. 
Tii^re  were  five  building  slips,  constructed 
upon  piles,  and  four  vessels  more  than  3 28  It 
long  could  be  constructed.  The  last  vessel  to 
l^e  laid  down  there  was  the  new  batilesliip  "  H/' 
wliich  was  put  in  hand  in  1901 ,  Some 
additional  facilities  are  being  added  in  this  part 
of  the  yard  for  ttie  building  uf  small  vessels. 
These  building  slips  in  the  (jld  portion  lie 
adjacent  to  the  ofiices,  shops,  forges,  stures, 
plate  works,  and  other  necessary  establishments. 
There  Is  a  provision  of  17H  machines  and 
machine  tools,  with  6  hammers  of  striking 
weights  up  to  i  ton.  There  are  also  46  electric- 
mote  jrs^  applied  to  all  kindf;  af  worl,  with  m.tTu 
small  steam  engines  and  two  Diesel  engmes. 
For  lifting  heavy  weights  are  19  cranes  on 
various"systems,  with  travelling  gear,  lifting  up 


to  60  tons.  A  great  lire  took  pktce  in  April, 
1899,  which  did  great  damage  to  the  old  yard. 
It  was  traced  to  a  short  circuit  in  the  electric 
wiring,  and  spread  with  great  rapidity.  The 
building  slips  were  endangered,  but  by  the 
assi.^tance  of  ollicers  and  men  of  the  Imjierial 
Xavy  the  flames  were  got  under,  though  not 
until  a  great  part  of  the  works  had  l)ccn 
destroyed.  Operations  were  much  delayed^  hul 
the  large  liner  Kiuui  Wilhcha  ikr  Gnmic  was 
carried  forward  energetically  and  was  launched 
within  a  montli  of  the  fire,  thus  keeping  witbiii 
the  term  stipolatccL 

SOME    ACHIEVEMENT3. -THE  **  MBtiQt.U.'^ 

For  the  German  navy,  the  old  Germania 
establishment  has  built  three  battleships  i  the 
]]^iif'lh    i\t:ttoo   toH's'i,  i\tijsrr    U'ilhihtt   Jit    {\iii\^r 

(11,000  tons)  and  Zahtitigcn  (11,800  tons),  the 
latter  now  going  through  her  trials  ;  while, 
as    has    been    said,    the  **  H "    (13,000    tons) 
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of  the  new  and  larger  class  is  in  hand.  The 
Baden  has  also  been  rebuilt  there.  The 
Siegfried^  of  the  coast  defence  class,  was 
also  constructed  in  the  Germania  Yard,  as  were 
the  large  cruiser  Kaiserin  Augusta^  and  a  number 
of  smaller  cruisers — the  Pnnzess  IVilhelm,  Greify 
Blitz  J  Meteor  y  Gazelle,  Nymphe,  and  Amazone, 
with  torpedo-boats,  steam  launches,  and 
other  vessels.  Vessels  have  also  been  built  for 
the  Russian,  Brazilian,  Spanish,  and  Ottoman 
navies.  Perhaps  the  most  interesting  of  all  those 
completed  is  the  Russian  five-masted  protected 
cruiser  Askohi,  of  6,000  tons.  She  was  con- 
structed to  carry  heavy  ordnance  and  a  thick 
armoured  deck,  with  light  displacement,  and  the 
speed  was  not  to  be  less  than  23  knots.  There 
was  competition  in  the  design  between  the 
Germania  Yard  and  the  German  firms  of 
Schichau  and  Howaldt,  the  Ansaldo  Yard  at 
Genoa,  and  the  Russian  Nevsky  Yard.  The 
result  was  a  great   success  for  the   Germania 


establishment,  for  the  cruiser  answered  all 
expectations,  and  attained  a  speed  of  24  knots. 
She  is  provided  with  Schulzboilersof  19,000  i,h.p., 
and  has  three  screws  advantageously  disposed, 
the  middle  one  in  the  keel  line  of  the  ship,  and 
the  others  having  a  slight  lateral  inclination  out- 
ward. The  work  of  the  Germania  Yard  has  not 
been  confined  to  warships.  Mercantile  steamers 
and  liners  have  been  built  there,  including  the 
Lloyd  steamers  Bonn  and  Halle, 

KXTKN8ION    OF   THK    YARD. 

The  undertaking  given  by  the  German 
Government  that  all  the  new  ships  for  the  navy 
should  be  built  in  German  yards  and  of  German 
materials  led  immediately  to  the  investment  of 
new  capital  and  to  larger  enterprise  in  the  ship- 
building establishments,  and  the  Germania  Yard, 
like  the  Weser  Yard  at  Bremen,  the  Vulcan  Yard 
at  Stettin,  and  the  Schichau  Yard  at  Danzig, 
were  all  developed  in  consequence.     Excellent 
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as  were  the  arrangements  in  the  Germania 
establishment,  they  did  not  altogether  answer  to 
the  new  conditions,  especially  in  regard  to  the 
increased  size  both  of  warships  and  liners.  It 
was  recognised  that  by  increasing  the  establish- 
ment and  concentrating  at  Kiel  the  machine 
and  boiler  works  removed  from  Tegel,  work 
would  be  expedited  and  economy  attained.  An 
arrangement  was  therefore  entered  into  with  the 
Navy  department  that  some  of  the  land  of  the 
old  yard  should  be.  transferred  to  the  Imperial 
yard,  which  was  its  neighbour  on  the  north-east, 
while  the  Germania  establishment  secured  new 
land  on  the  south-west  on  the  inner  part  of  Kiel 
Harbour.  Much  private  land  was  bought,  and 
an  additional  w^ater  frontage  of  about  875  yards 
was  secured,  with  an  area  of  some  58  acres.  A 
great  deal  of  excavation  and  clearing  was 
required,  and  it  was  necessary  to  elevate  some 
part  of  the  land. 

THK    NKW   YARD. 

The  large  building  slips  are  the  most  impor- 
tant features  of  the  new  establishment.  Of 
these,  ten  are  planned,  but  only  seven  have  so 
far  been  built.  Their  length  is  from  377  ft.  to 
640  ft.,  with  a  breadth  of  from  85  ft.  4  in.  to 
98  ft.  6  in.  The  three  others  will  be  still  larger, 
one  being  intended  to  have  a  length  of  836  ft. 
These  slips  are  built  of  concrete,  with  granite 
walls,  and  are  closed  by  pontoons.  Four  of 
them  are  completely  covered  with  glass  roofs 
and  sides,  so  that  the  work  can  go  on  in  advan- 
tageous conditions,  whatever  may  be  the  state  of 
wind  or  weather.  They  are  lofty,  with  sufficient 
head  room,  and  are  provided  with  the  latest 
appliances.  Each  has  two  overhead  travelling 
cranes  worked  by  electric  motors,  and  capable 
of  lifting  six  tons.  They  can  thus  convey  heavy 
fittings  to  any  part  of  the  ships  in  hand.  It  is 
expected  that  the  covered  slips  will  enable  the 
period  in  which  ships  remain  in  hand  to  be 
shortened,  and  there  will  be  material  advantage 
in  vessels  being  constructed  under  cover  from 
the  weather.  It  is  intended  that  the  other 
docks  shall  be  covered  in  the  same  way.  A 
large  building  slip,  on  which  five  or  six 
torpedo  boats  of  from  400  to  500  tons  can  be 
built,  has  also  been  laid  out ;  it  is  of  special 
character,  with  an  unbroken  slope  carried 
below  the  water  level. 

Work  is  now  actively  in  progress  upon  com- 


pleting the  new  establishments  of  the  Germania 
Yard.  The  various  forges,  shops,  and  stores 
are,  and  will  be,  closely  adjacent  to  the  slips, 
the  arrangement  being  better  even  than  in  the 
old  yard.  There  are  smithies,  with  zincing 
plants,  a  fitting  shop,  a  frame-bending  floor, 
a  drawing  loft,  an  angle  iron  shop,  a  saw  mill 
and  carpentry  shop,  a  joinery  and  painters' 
shop,  tool  shop,  iron  and  metal  foundry,  model- 
making  shop,  boiler  shops  for  cylindrical  and 
water-tube  boilers,  and  various  forges,  a  copper 
smithy,  a  mechanical  shop,  a  testing  station  for 
machines  and  boilers,  a  plateyard  with  a  great 
cantilever  crane,  a  central  station,  and  three 
boiler  plants.  In  planning  the  new  buildings, 
provision  has  been  made  for  possible 
extensions  in  the  future.  At  present  the 
works  dispose  of  914  machine  tools  and 
other  machinery,  10  steam  hammers  of  great 
power,  72  cranes,  of  which  one  on  the  wharf 
will  lift  as  much  as  150  tons  and  has  a 
great  overhang,  and  26p  dynamos  and  electro- 
motors. The  railway  and  the  narrow  line  in 
the  yard  offer  great  facilities  for  the  conducting 
of  work.  The  yard  has  a  very  extensive 
electric  plant,  providing  power  and  the  current 
for  450  arc  lamps  and  4,400  incandescent  lamps. 
There  is  also  a  complete  telephonic  equipment; 
and,  indeed,  it  may  be  said  that  in  all  respects 
the  Germania  Yard  is  well  abreast  of  the  time, 
and  fitted  with  the  latest  apparatus  and  every 
iacility.  The  total  number  of  workmen  em- 
ployed is  at  the  present  time  about  4,000,  but 
when  all  the  new  constructions  so  far  planned 
are  in  working  order,  employment  will  be  given 
to  about  7,000. 

But  enough  has  been  said.  The  Germania 
Yard  may  be  described  as  a  great  fruit  of 
German  naval  expansion.  It  illustrates  how 
naval  policy  and  the  industries  that  are  con- 
cerned with  naval  production  react  upon  one 
another.  The  State  provides  a  certainty  of 
continuous  work,  and  establishments  are  de- 
veloped which  answer  all  its  requirements. 
The  advantage  to  the  nation  is  therefore  two- 
fold, and  certainly  Germans  have  reason  to  be 
proud  of  their  Germania  Yard,  which  is  now 
an  establishment  probably  as  efficient  as  any 
other  in  the  world.  Its  rise,  development,  and 
present  position  among  great  industrial  under- 
takings, deserve  to  be  well  known  in  this 
country. 
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MACHIMK    TOOLS. 

A  MOXG  recent  machine  tools,  the  premier 
-^^  place  must  be  accorded  to  a  heavy  motor- 
driven  grinder  just  brought  out  by  the  Landis 
Tool  Company,  represented  in  England  by 
Messrs.  C.  W.  Burton,  Griffiths  and  Co.,  of 
Ludgate  Square,  E.C.  Besides  being  one  of 
the  largest  machines  of  this  general  pattern 
yet  made,  it  possesses  a  good  many  novel 
arrangements.  As  it  has  not  yet  been  illus- 
trated, no  apology  is  necessary  for  describing 
it  at  some  length.  Front,  back,  and  side  views 
are  shown  in  the  accompanying  photos.  The 
size  of  the  grinder  may  be  inferred  from  the 
fact  that  it  swings  26  in.,  with  a  length  of 
12  ft.  6  in.  between  centres.  Its  wheel  is  30  in. 
in  diameter,  by  2  in.  thick.  The  weight  without 
the  motor  is  14 J  tons.     It  requires  a  floor  space 


of  18  ft.  by  5  ft.,  and  from  20  to  30  h.p.  are 
required  to  drive  it.  This  machine  is  of  a 
semi-universal,  self-contained  type.  By  this  we 
mean,  first,  that  it  does  not  contain  all  the 
adjustments  of  the  Universal  machines,  and, 
secondly,  that  it  is  run  without  overhead  works. 
As  shown  in  these  figures,  it  is  arranged  with  a 
swivelling  headstock,  which  has  an  adjustable 
spindle  bearing,  and  is  adapted  for  the  use  of  a 
face  plate  and  chuck,  with  which  work  can  be 
ground  at  all  angles  from  zero  to  90  degrees. 
Provisions  are  embodied  in  the  machine  for  the 
application  of  an  internal  grinding  attachment 
when  required,  so  that  both  straight  and  taper 
holes  can  be  ground. 

The  headstock  spindle  runs  in  adjustable 
bearings,  and  can  be  locked,  and  the  work 
revolved  on  a  dead  centre  by  a  loose  face  plate, 


FIG.    I. 


LANDIS   IIRIXDIN'G    >rACHI\E.      FRONT   VIEW. 
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FIG.   2.      LANDIS  GRINDING   MACHINE.      BACK   VIEW. 


in  a  similar  manner  to  the  smaller  machines 
manufactured  by  this  firm.  Its  journals  measure 
4J  in.  by  12  in.  and  4I  in.  by  8  in.  The  swivelling 
head  is  do  welled  for  a  straight  line  position  with 
two  taper  pins,  and  is  secured  to  its  base  by 
three  heavy  bolts  in  a  circular  tee  slot.  The 
interior  of  the  headstock  is  fitted  with  bevel 
gearing,  which  operates  concentrically  with  the 
pivot  of  the  swivel,  by  which  the  power  is 
transmitted  to  the  work  driving  arrangement 
thereon  at  all  angles.  A  shaft  extending  from 
the  end  of  the  swivelling  table  of  the  machine 
to  some  distance  towards  its  pivot  passes 
through  the  base  of  the  headstock.  This  shaft 
is  splined,  and  on  it  a  gear  is  mounted,  having 
a  spline  engaging  a  key- way,  so  permitting  the 
head  to  be  moved  to  different  positions  as 
required.  A  lever  on  the  front  of  the  same  is 
arranged  to  engage  and  disengage  the  gearing 
from  the  shaft  by  a  clutch,  for  the  purpose  of 
stopping  the  work  independently  of  the  traverse, 
a  feature  which  is  very  desirable. 

The  footstock  spindle  has  an  adjustable 
bearing,  and  it  can  be  clamped.  It  is  operated 
by  a  screw,  which  is  back-geared  to  a  hand- 
wheel.  It  measures  4  iV  in.  diameter  by  24  in. 
long.  Both  head  and  footstock  are  massive, 
and  are  traversed  on  the  table  by  a  rack  secured 
to  the  latter  and  a  pinion  on  each  head,  which 
is  operated  by  a  detachable  crank,  the  necks  for 
which  are  seen  under  the  head  in  fig.  i.  The 
centres  of  head  and  footstock  are  2|  in.  diameter. 

The  emery  wheel  base  is  fitted  with  a  heavy 
spindle,  with  journals  measuring  4^  in.  by  15  in. 


and  4  in.  by  10  in.  It  carries  an  emery  wheel 
30  in.  diameter,  by  either  i^  in.  or  2  in.  wide, 
two  wheels  being  supplied.  The  driving  pulley 
is  14  in.  diameter  for  a  4i-in.  belt,  and  gives 
ample  power  for  doing  rapid  and  heavy  work. 
The  bearings  are  adjustable,  and  their  large  size 
reduces  the  wear  to  a  minimum.  The  base  is 
adjustably  mounted  on  a  slider,  which  works  on 
a  lower  slide  with  large  bearing  surfaces. 

Power  for  driving  the  emery  wheel  is  trans- 
mitted through  a  grooved  shaft  running  the 
whole  length  of  the  machine  on  the  gear  side 
(seen  in  figs.  2  and  3).  A  pulley  which  is 
trunnioned  in  a  bracket  secured  to  the  emery- 
wheel  carriage  passes  to  and  fro  along  the 
shaft,  and  is  driven  by  the  grooves  in  the  shaft 
through  wheels,  thus  ensuring  a  practically 
frictionless  travel.  A  vertical  yoke  carrying  an 
upper  intermediate  shaft  and  pulleys  serves  as 
a  joint  to  another  yoke  connecting  with  the 
emery-wheel  base  (figs.  2  and  3).  This  makes 
a  complete  connection  between  the  lower  shaft 
and  the  emery-wheel  spindle,  and  compensates 
for  the  movement  of  the  emery  wheel  to  and 
from  the  work,  keeping  the  driving  belts  in 
tension.  Both  yokes  are  provided  with  screws 
to  lengthen  them,  in  order  to  tighten  the  belt  as 
required.  It  will  be  noticed  that  this  driving 
mechanism  produces  no  pull  on  the  carriage 
guide,  nor  against  the  wheel  feeding  device  by 
the  power  transmitted  to  it,  the  force  due  to  the 
belt  pull  being  all  taken  up  in  the  yokes  them- 
selves. This  leaves  the  carriage  free  to  move, 
and  to  carry  nothing  but  its  weight,  and  the 
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grinding  cut.  Two-stepped  cones  give  two 
speeds  to  the  wheel  from  the  shaft.  The  emery- 
wheel  carriage  runs  in  guide  ways  on  the  bed, 
which  are  scraped  to  surface  plates.  These 
guides  are  completely  protected  along  their 
entire  length  by  metallic  covers. 

From  the  rear  shaft  on  the  machine  at  the 
headstock  end  (see  fig.  3),  motion  is  transmitted 
to  the  gearing  for  revolving  the  work,  and 
traversing  the  emery-wheel  carriage.  This 
arrangement  consists  of  a  cone  pulley  on  the 
rear  shaft  which  is  loose  on  the  same,  and 
secured  when  required,  to  drive  the  work,  and 
feed  by  a  friction  clutch.  This  clutch  is  opera- 
ted by  a  rod  on  the  front  of  the  machine,  seen 
in  fig.  I,  making  it  convenient  to  stop  and  start 
the  same  from  any  position  occupied  by  the 
operator  in  front,  being  a  device  similar  to  that 
adopted  on  heavy  lathes.  The  cone  pulley 
connects  to  the  gearing  referred  to,  by  a  belt, 
and  is  used  for  changing  the  speed  of  the  work. 
There  are  four  changes  of  speed  by  the  cone 
pulleys,  and,  in  addition,  a  back  gear,  which 
makes  four  more,  and  these,  together  with  a 
change  made  by  a  lever  at  the  headstock, 
admit  of  16  speeds,    ranging  from   8  to   200 


revolutions.  The  change  of  traverse  feed  is 
made  by  a  lever  shown  on  the  gear  box  at  the 
left  hand,  or  headstock  end  of  the  machine  (see 
fig.  i),  by  which  cone  gears,  arranged  with 
suitable  speeds,  are  positively  clutched  to  the 
shaft,  giving  five  changes,  from  iV  in.  to  2  in. 
per  revolution  of  work.  The  automatic  cross 
feed  ranges  from  '00025  in.  to  'OoS  in.  at  each 
reversal  of  the  carriage. 

The  hand  wheel  carriage  is  traversed  on  the 
front  of  the  bed  with  the  emery  wheel,  and  on 
it  is  located  a  lever  for  starting  and  stopping 
the  traverse  feed,  and  another  for  reversing  the 
motion  of  the  carriage  by  hand  ;  also  a  hand 
wheel  by  which  the  carriage  can  be  moved  by 
hand  to  a  limited  amount.  This  hand  wheel 
has  a  clutch,  so  that  it  can  be  disengaged  while 
power  feeding,  to  avoid  its  turning.  To  the 
carriage  is  attached  a  platform  which  is  mounted 
on  wheels,  and  carried  back  and  forth,  permit- 
ting the  operator  to  stand  and  look  over  his 
work.  This  arrangement  is  desirable  in  con- 
sequence of  the  size  of  the  machine,  and  of  the 
work  that  can  be  done  on  it. 

The  long  table  on  which  is  located  the  head 
and  foot-stocks  is  pivotted  at  its  centre,  enabling 


FIO.   3.       LAXDIS   CIRIXDIXG    MACHIXK.      EXD   VIEW. 
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tapers  up  to  2  in.  per  foot  to  be  ground.  A 
graduation  on  the  end  of  the  same  gives  the 
readings  by  which  it  can  be  set.  It  is  firmly 
clamped  at  four  points  in  its  length.  In  swivel- 
ling this  table,  universal  couplings  on  the 
vertical  shaft  at  the  left  hand  end  of  the 
machine  (figs,  i  and  3)  compensate  for  this 
movement.  The  pump  for  lubricating  is  seen 
at  the  left  hand  of  fig.  2.  All  the  gears  are  pro- 
tected from  dirt,  as  well  as  from  possible  danger 
to  the  operator.  The  screws  are  covered  in, 
and  protection  to  all  bearings  is  fully  provided. 
The  parts  are  very  massive,  as  will  be  noted. 

This  machine  is  also  built  when  required 
without  a  swivelling  headstock,  a  plain  fixed 
head  being  substituted,  so  making  the  machine 
a  plain  grinder,  which  would  then  serve  for 
grinding  shafts  on  their  centres,  both  straight 
and  tapered.  For  the  finishing  of  many 
pieces  this  is  all  that  is  required.  Power 
can  be  supplied  to  the  machine  either  direct 
from  the  shaft  by  belt,  or  by  electric-motor. 


coupled  with  driving  chain,  as  shown    by  the 
illustration. 

THK    FOUNDRY, 

A  remarkable  feature  in  the  iron  and  steel 
trades  is  the  present  inflation  of  prices,  both  in 
England  and  America.  Although  the  output  of 
the  United  States  has  beaten  all  previous 
records,  yet  it  is  impossible  to  supply  the 
demands  of  the  present,  and  of  the  immediate 
future.  In  1901  the  output  of  pig  in  the  States 
was  15,878,354  tons,  more  than  twice  as  much 
as  that  of  the  United  Kingdom,  and  an  advance 
of  more  than  2,000,000  tons  on  the  output  of 
the  year  previous.  Yet  the  railways  are 
blocked  with  ore  and  coal,  and  deliveries  of  pig 
are  being  booked  for  1903  at  from  18  to  22 
dollars  per  ton,  and  shipments  are  being  made 
from  Glasgow  and  Middlesbrough  to  the 
States.  Concurrently  with  the  increase  in  pro- 
duction, there  is  a  greater  demand  for  iron  and 
steel,  and  this  becomes  a  corrective  to  the 
pessimistic  views  which  have  been  entertained 
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respecting  the  effect  of  American  competition  on 
British  trade,  and  the  rivalry  of  the  Steel  Cor- 
poration in  particular.  In  thirty-three  years 
(from  1867  to  1900)  the  consumption  of 
iron  per  head  of  the  world's  population  has 
advanced  from  20  lbs.  to  nearly  80  lbs.  The 
United  States  absorbs  400  lbs.  per  head— an 
amount  five  times  greater  than  the  world's 
average.  The  bridges  and  tall  buildings  absorb 
nearly  half  the  quantity  used  in  the  States.  The 
growth  of  the  American  iron  and  steel  industry 
need  not,  therefore,  be  a  menace  to  British 
trade,  if  full  advantage  is  taken  here  of  labour- 
saving  appliances. 

Labour,  moreover,  is  cheaper  here  than   in 
the  States,  which  is  a  point  in  our  favour.    High 
wages  and  cheap    production    are   reconciled 
there  to  an  extent  which  has  not  been  attained 
in    any    other    country.     Though    wages    are 
high,  the  output  per  man  is  enormous.     At  the 
Edgar-Thomson  blast-furnaces  only  1,600  men 
are  employed  for  an  output  of  24,500  tons  per 
week,  giving  an  average  of  795  i  tons  per  man 
per  annum.     At  the  Homestead  steel  works  the 
wages  bill  runs  to    about   ;^2 ,400,000  a  year. 
The  average  earnings  are   about  lis,  3d.  per 
day,  but  those  of   rollers  and  heaters  run  to 
about  62s.  6d.  per  day.     In  a  year  2,000,000  tons 
of  steel  are  turned  out,  of  which  one  customer 
alone  takes  1,000  tons    daily.      The  standing 
charges   in   such    an    establishment    must    be 
lighter  than  they  can  possibly  be  in  any  British 
establishment.    Wages  are  so  good  that  men 
are  independent  of  the  unions.     A  recent  report 
shows  that  while  in  Great  Britain  at  a  recent 
date  there  were  1,905,000  trade  unionists,  there 
were  only  about  1,600,000  in  the  United  States 
and  Canada,  for  about   twice   the  population. 
Two  other  facts  are  helpful  to   the  energetic 
workman — the    encouragement    of     invention 
and   the  ease  with    which   the   best  men   can 
become   employers.       There   is    also    an    im- 
mense scope  for  men  who  desire  to  improve 
their  position,   apart  from   the  iron  and  steel 
works.      There    are    4,600    foundries    in    the 
United  States :  of  these,  646  are  in  the  State 
of   Pennsylvania,    515    in  the    State    of    New 
York,  and  400  in  Ohio.     These  are  the  great 
centres,    th^    numbers  being  fewer  in   other 
districts. 


CRANKS. 

Motor  driving  is  now  shared  about  equally 
between  overhead  travellers  and  winches.  There 
are  no  other  types  of  hoisting  machinery  (lifts 
excepted)  to  which  electricity  has  been  applied 
so  extensively  as  in  these.    The  reasons  are  that 
steam  is  very  objectionable  in  many  cases,  and 
that  electric  energy  is  already  available  in  others. 
In  mining  work  especially,  the  electrical  winch 
has  largely  replaced  the  steam-driven  machine, 
dividing  favour  with  compressed  air ;  but  the 
electric  system  is  generally  higher  in  efficiency 
than  compressed  air.     A  steam  winch  is  nearly 
alv/ays  noisy  and  dirty  ;  an  electrical  winch,  on 
the  other  hand,  is  clean,  comparatively  quiet, 
and  ready  for  instant  service.    It  is  also  capable 
of  dealing  with  short  overloads,  without  pulling 
up,  as  in  the  case  of  a  steam  winch.      The 
electrical  winch  has  not  yet  become  standardised 
to  the  same  extent  that  steam  winches  have, 
different  makers  having  adopted  various  designs. 
We  illustrate  a  recent  electrical*  winch  by  the 
Lahmeyer  Electrical  Company,  Ltd.,  of  Frank- 
furt-on-Main,    and    109,    New    Oxford    Street, 
London,  the  principal  features  being  as  follows : 
The  drum  is  driven   by  a   large  worm  wheel 
operated  by  a  worm  on  the  motor  shaft  below. 
The   controller   is  mounted   above  the    motor 
frame,    rendering    the    hoist    more    compact. 
Everything  is  carried  on  a  single  cast-iron  base. 
The  brake  acts  on  the  coupling  between  the 
motor  and  the  worm.      The  controller  works 
automatically  after  the  motor  is  started ;    after 
the  switching  in,  the  resistance  is  gradually  cut 
out  by  means  of  the  weighted  lever  seen  to  the 
right  of  the  controller.    To  this  lever  is  attached 
insulated  carbon  and  roller  contacts  sliding  over 
vertical  fixed  resistances.  To  prevent  this  resist- 
ance from  being  cut  out  too  quickly,  the  outer 
end  of  the  lever  is  attached  to  a  bar  which  acts 
against  the  springs,  through  a  cross-bar  seen  in 
front  of  the  box.     In  other  cases  a  dashpot  filled 
with  glycerine  affords  the  necessary  resistance. 
On  stopping  the  motor  by  bringing  the  switch  to 
the  **  off  "  position,  the  resistance  lever  is  brought 
back  to  the  position  ready  to  start  the   motor 
again.     The  controller  is   operated   from   the 
winch  through  pitch-chain  wheels,  not  seen  on 
the  far  side  of  the  photo,  a  portion  of  the  body  of 
the  chain  only  being  visible. 
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TTAVING  dealt  with 
^^  the  early  history 
of  "wireless''  telegraphy, 
and  with  the  part  played 
by  Mr.  Marconi  in  its 
development,  it  remains 
to  give  some  account  of  other  systems  which 
are  in  working  or  which  have  been  proposed. 
The  most  important  rival  to  the  Marconi 
Company  at  the  present  moment,  in  point 
of  growth  and  influence,  is  the  Allgemeine 
Elektriciliits  Gesellschaft,  of  Berlin,  which  has 
acquired  the  patent  rights  of  the  Slaby-Arco 
system,  and  is  contesting  the  field  of  maritime 
communication.  Backed  by  the  paternal 
German  Government,  it  has  succeeded  in  getting 
its  instruments  installed  in  the  German  fleet, 
and  also  on  board  some  of  the  ships  of  the 
North  German  Lloyd  and  Hamburg-American 
lines,  notably  the  Deuischlami^  belonging  to  the 
latter  line.  Owing,  however,  to  the  Marconi 
contract  with  Lloyds'  stations,  vessels  fitted  with 
the  Slaby-Arco  apparatus  are  debarred  at 
present  from  communicating  with  those  points 


in  other  countries,  and  this  resen^ation  no  doubt 
operates  unfavourably  against  them.  The 
maximum  distance  over  which  the  Slaby-Arco 
system  has  been  successfully  w^orked  seems  to 
be  150  kilometres,  which  was  the  recorded 
limit  of  signals  exchanged  between  the  Deuisch- 
land  and  the  Ham  burg- American  station  at 
Duhnen,  near  Cuxhaven.  The  Deutschland 
carried  an  aerial  wire  thirty-two  metres  long. 

THK    8LABY-ARCO   8Y8TKM. 

Professor  Slaby,  and  his  assistant  Count  Arco, 
began  experiments  in  1897  after  first  visiting 
the  British  Post  Office  installation  set  up  by 
Marconi  at  Lavernock  Point,  in  the  Severn 
Channel.  AvaiHng  themselves  of  permission  to 
use  the  imperial  grounds  near  Potsdam,  they 
carried  out  a  long  series  of  investigations  over 
an  average  distance  of  three  kilometres,  using 
the  castle  on  the  island  of  Pfaueninsel  as  one 
base,  and  a  church  tower  at  Sacrow  as  the 
other.  Wires  were  suspended  from  the  tops  of 
these  two  eminences  and  were  supported 
down  the  walls  on  insulators.  Surrounding  trees, 


♦  The  Marconi  System  was  described  and  illustrated  in  the  October  issue,  the  series  having  been  commenced  in 
the  September  issue  with  an  account  of  pioneer  work  in  the  field  of  '*  Wireless  "  Telegraphy.  An  article  on  this 
subject,  contributed  to  the  August  number  by  Sir  William  H.  Preece,  K.C.B.,  F.R.S.  (late  Engineer-in-Chief  and 
Electrician  to  the  British  Post  Office),  described  his  relations  with  Signor  Marconi,  and  discussed  the  present  value 
of  rctheric  telegraphy  as  a  commercial  system. 

36  A 


Digitized  by 


Google 


524 


Page's  Magazine. 


passing  barges,  and  other  obstructions  interfered 
with  the  experiments,  which  were  on  the  whole, 
of  a  rudimentary  nature.  They  are  described  in 
detail  in  a  paper  read  by  Dr.  Slaby  in  November, 
1897.       In   December,    1900,   Dr.    Slaby  read 


PROFESSOR    A.    SLABY. 

another  paper  on  the  subject,  in  which  further 
developments  were  recorded.  The  point  upon 
which  these  investigators  have  always  insisted, 
is  that  the  receiving  wire  should  be  tapped  by 
the  coherer  at  the  point  of  maximum  oscillations. 
Their  researches  have  been  largely  devoted  to 
this  end,  and  it  seems  to  contain  the  essence  of 
whatever  differentiation  maybe  claimed  for  their 
system.  Moreover,  as  the  location  of  such  points 
is  fixed  and  corresponds  to  certain  definite  wave 
lengths,  it  suggests  a  means  of  tuning  and 
screening  two  stations  so  that  the  instruments  are 
not  confused  by  alien  signals.  The  transmitter 
consists  of  an  aerial  wire  suspended  from  a  flag- 
pole on  a  building,  and  earthed  to  the  water 
pipes  below.  At  one  point  it  is  brought  through 
a  window  into  the  neighbourhood  of  a  powerful 
induction  coil.  The  opposite  terminal  of  the 
coil  is  earthed  through  a  condenser,  and  an 
adjustable  self-induction  coil,  which  is  used 
for  tuning  the  oscillations  in  this  part  of  the 
circuit  to  those  in  the  aerial  wire.  To  increase 
the  wave  length  in  the  wire  it  is  necessary  to 
switch  in  one  or  more  subsidiary  coils,  which 
correspond  to  a  stretch  of  wire  necessary  for 
increasing  the  wave  length  by  one-quarter  each 
time.     The  receiver  consists  of  a  corresponding 


aerial  wire  earthed,  which  is  tapped  at  a  point 
of  maximum  oscillations.  The  oscillations  are 
further  reinforced  by  a  resonator  or  **  multi- 
plicator,"  which  is  connected  direct  to  the 
coherer.  The  other  end  of  the  coherer  is  earthed 
through  a  battery  and  relay  circuit,  across  which 
is  shunted  a  condenser.  This  part  of  the 
apparatus,  together  with  the  tapper,  or  de- 
coherer,  is  practically  the  same  as  that  employed 
by  Marconi,  and  earlier  still  by  Sir  Oliver 
Lodge.  Full  descriptions  of  the  apparatus  em- 
ployed are  issued  by  The  Elektricitats  Gesell- 
schaft,  with  a  list  of  the  parts  comprised  in 
each  portion  of  the  transmitting  and  receiving 
circuits,  and  diagrams  of  the  various  sections. 
The  primary  transmitting  circuit  comprises,  in 
addition  to  the  induction  coil  and  Morse  key,  a 
mercury- turbine  interrupter,  which  is  replaced 
in  long-distance  installations  by  a  Grisson  con- 
tinuous-current alternating-current  transformer. 
The  secondary  circuit  contains  a  Leyden  jar 
battery  of  3,  7,  or  14  jars,  a  spark  gap,  and 
sundry  tuning  coils.  The  receiver  contains 
no  special  features  beyond  what  have  been 
mentioned.  Vacuum  coherers  are  employed. 
In  addition  to  its  ordinary  signalling  apparatus, 
the  company  manufactures  a  portable  set  for 
field  use.  The  employment  of  lightning  con- 
ductors, and  other  handy  vertical  conductors, 
forms  an  element  in  its  schemes  for  emergency 
use. 

BRAUN-8IKMKM8-HAL8KK   8Y8TBM. 

The  other  great  German  electrical  firm  of 
Siemens  and  Halske  have  acquired  the  patent 
rights  of  a  system  devised  by  Professor  F. 
Braun,  of  Strassburg.  This  is  a  closed  circuit 
system,  in  which  the  oscillations  set  up  by  an 
induction  coil  are  reproduced  in  a  secondary  coil, 
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From  the  Electrical  Rtvicw. 
FIG.    I.      BRAUN-SIEMENS-HALSKE  TRANSMITTER. 
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M  (fig.  i),  in  such  a  way  as  to  raise  the  intensity 
very  considerably.  The  circuit  containing  the 
secondary  coil  is  an  open  one,  consisting  of  a 
length  equivalent  to  one-quarter  the  wave- 
length employed  on  either  side  of  the  coil. 
Oneof  these  lengths  forms  the  aerial  wire,  the 


from  the  ordinary  type  in  construction,  its  aim 
being  to  produce  not  so  much  the  high  pressure 
of  the  ordinary  spark  as  a  large  current  output. 
With  this  special  coil  one  is  able  to  charge 
much  larger  capacities  in  a  shorter  time  interval 
than  was  possible  with  the  ordinary  form.    The 


From  the  Electrical  Review. 
GENERAL  ARRANGEMENT  OF   BRAUN 

other  is;  either  coiled  or  replaced  by  a  suitable 
capacity.  Signor  Guarini,  in  a  description  of 
the  system,*  says  :  "  The  transmitting  apparatus 
consists  essentially  of  two  groups,  the  induction 
coil  with  its  auxiliaries,  and  the  circuits  of 
oscillation.  The  former  differs  considerably 
*  Electrical  Review^  Sept.  26th,  1902. 


"WIRELESS       TELEGRAPH    STATION. 

practical  difference  in  construction  consists  in 
employing  a  special  iron  core,  a  considerably 
larger  primary,  and  a  much  shorter  and  heavier 
wire  for  the  secondary  than  in  the  ordinary 
type."  The  primary  is  made  interchangeable, 
and  htted  with  three  terminals  giving  different 
lengths  of  primary    for  different  interrupters. 
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Owing  to  the  strength  of  current  used,  a 
specially  modified  Morse  key  is  introduced 
capable  of  interrupting  a  current  of  50 
amperes  without  injury.  A  "Wehnelt"  inter- 
rupter, and  for  large  installations  a  Grisson 
directrcurrent  alternating-current  transformer  is 
used.  By  the  courtesy  of  the  Electrical  Review 
we  give  herewith  a  general  view  of  a  Braun 
**  wireless  "  telegraph  station,  showing  the  form  of 
Leyden  jar  batteries  employed.  The  round- 
ended  cylinder  suspended  on  the  right  is  the 
form  of  capacity  used  to  replace  the  open  wire 
which  balances  the  aerial  in  the  secondary 
circuit  of  the  transmitter.  Professor  Braun's 
patents  were  mostly  taken  out  in  1899,  and  his 
system  in  its  earlier  stages  was  described  by  him 
in  a  paper  read  before  the  Physical  Institute  of 
the  Kaiser  Wilhelm  University.  Experiments 
have  been  carried  out  with  it  for  some  time  past 
between  Cuxhaven  and  Heligoland,  a  distance 
of  36  miles. 

THK    BATTLE  OP    THE   8Y8TKM8. 

It  may  seem  curious  that  so  much  effort  and 
rivalry  should  be  expended  on  competing 
systems  still  at  this  stage,  when  the  Marconi 
Company  is  claiming  to  have  established 
records  in  thousands  of  miles,  and  is  con- 
fidently building  huge  stations  for  signalling 
across  the  Atlantic.  The  high  rates  and  royal- 
ties charged  by  the  Marconi  Company,  as  well 
as  an  uncertainty  about  the  actual  results, 
are  a  main  factor  in  this  apparent  anomaly. 
Every  government  is  on  the  watch  for  a 
practicable  system  of  "  wireless '^  telegraphy, 
especially  for  naval  purposes,  and  most  of  them 
consider  the  Marconi  system  prohibitive  at  the 
price.  The  American  Government  has  experi- 
mented with  many  systems,  on  a  specially  chosen 
site  between  Washington  and  Annapolis.  It 
has  tried  successively  the  Slaby-Arco,  the  Braun- 
Siemens,  the  Ducretet,  the  Rochefort,  and 
other  patent  systems,  including  also  those  of 
Prof.  Fessenden  and  the  other  American  in- 
ventors who  are  in  the  field.  They  are  now 
said  to  be  experimenting  with  an  Armstrong- 
Orling  installation.  Most  other  Governments 
have  probably  done,  or  are  doing  the  same. 

"WIRELESS'*  TELEGRAPHY  IN    THE  NAVY. 

Our  own  Navy  was  equipped  a  year  or  two 
ago  with  Marconi  apparatus,  but  the  screening  or 


tuning  devices  notoriously  failed  at  the  autumn 
manoeuvres  when  they  were  first  tried,  and 
the  signals  were  communicated  impartially 
to  friend  and  foe.  The  British  navy,  however, 
possesses  in  Captain  H.  B.  Jackson,  F.R.S.,  an 
able  and  early  experimenter  in  **  wireless  "  tele- 
graphy, who  has  himself  devised  a  successful 
syntonic  system.  Captain  Jackson  has  made 
several  modifications  in  the  naval  apparatus, 
and  is  believed  to  have  simplified  it  considerably, 
although  details  of  his  work  have  not  been 
published.  In  May,  1902,  he  read  a  paper 
before  the  Royal  Society,  **  On  some  Phenomena 
affecting  the  Transmission  of  Electric  Waves 
over  the  Surface  of  the  Sea  and  Earth,"  which 
represent  the  first  exact  data,  so  far  ascertained, 
as  to  the  intercepting  influence  of  different 
obstacles.  For  instance,  testing  the  screening 
effect  of  different  kinds  of  rock,  he  has  estab- 
lished that  (i)  soft  sandstone,  shale,  etc.,  (2)  hard 
limestone,  (3)  iron  ores,  transmit  waves  in  the 
ratios  of  72,  58,  and  32  per  cent.  resi>ectively. 
He  has  also  made  lengthy  tests  of  the  effect  of 
barometric  disturbances  on  the  signalhng 
distance,  and  finds,  contrary  to  what  Mr. 
Marconi  has  frequently  stated,  that  an  electrical 
state  of  the  atmosphere  generally  causes  a 
diminution  of  signalling  effectiveness,  although 
in  one  case  at  least  it  momentarily  increased  it  by 
50  per  cent.  Other  valuable  points  of  informa- 
tion brought  out  by  Captain  Jackson  in  his 
paper  are  that  mist  or  dust-laden  air — e.g^  the 
Mediterranean  sirocco  —  will  account  for  a 
diminution  in  the  range  of  signalling  ;  and  that 
want  of  synchronism  in  the  oscillatory  dis- 
charge of  the  spark,  when  proper  syntonic 
apparatus  is  not  used,  causes  zones  of  cessation 
in  signalling,  rapid  damping  of  the  radiator 
being  a  contributory  cause.  The  irregularity  of 
the  train  of  waves,  it  is  supposed,  gives  rise  to 
different  types  of  disturbance  at  different  parts 
of  their  path,  in  which  case  they  may  not  have 
the  necessary  cumulative  effect  on  the  receiving 
circuit.  Captain  Jackson^s  researches  are  in 
marked  contrast  to  the  somewhat  over  confident 
optimism  of  other  inventors,  who  are  apt  to 
claim  that  weather  and  obstacles  make  no 
difference  whatever  to  their  system,  and  that, 
in  fact,  bad  weather  is  rather  to  be  preferred. 
Mr.  Marconi's  observation  when  crossing  to 
America,  that  signals  were  transmitted  much 
more  freely  by  night  than  by  day  has  not  so 
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far  been  fully  explained,  but  it  is  worth 
further  investigation. 

THK    ORLINQ-ARM8TRONQ   8Y8TEM. 

Between  most  of  the  competing  systems 
of  "wireless"  telegraphy,  the  differences 
lie    chiefly    in    details.      One    inventor 
prefers  to  connect  his  coherer  one  way, 
one  another  ;  or  the  coherers  themselves 
may  be  different  ;  or  there  may  be  special 
devices  used.    But  externally  the  systems 
in   general  are    very    much   alike,   and 
depend  on  the  same  principles  of  emis- 
sion  and   reception  of  Hertzian  waves. 
This   is  not  the    case  with  the  OrHng- 
Armstrong  system  which  has  lately  been 
brought  out.     The  difficulty  in  this  case 
is  to  find  anything  in  common  with  other 
systems.     As  no  intelligible  description 
has  ever  been  given  of  the  transmitting 
apparatus  employed   by  Messrs.  Orling 
and  Armstrong,  or  of  its  action,  one  must 
perforce  fall  back  upon  the  view  taken 
by    the   inventors    themselves    and  the 
journalists    who    have   described    their 
experiments,  that  it  is  **  a  new  discovery," 
and  treat  the  matter  from  this  standpoint. 
In   October,  1901,  a  demonstration  was 
given  at  Hughenden,   on  the  estate  of 
one  of  the  inventors,  to  which  a  number 
of  pressmen  were  invited,  and  the  writer 
was   present    on    that    occasion.       The 
experiments  were  somewhat  varied,   and    in- 
cluded  the  exchange  of  Morse  signals  across  a 
pair    of    fields,    the    actuating    of    a    torpedo 
rudder  in  a  ditch,  the  lighting  up  of  a  lamp  at 
a  distance,  causing  a  tiny  lamp  to  glow  without 
wire  connections,  and  the  wireless  transmission 
of  speech  through  a  telephone.     Owing  to  un- 
favourable weather  and  the  sketchy  nature  of  the 
programme,  it   could  hardly  be    said  that  the 
experiments  were  conclusive ;   but    they  were 
undoubtedly  interesting,  and    taking  all    that 
the  inventors   claimed    for   granted,  extremely 
promising.      The  most  remarkable  fact  about 
them  was   that  not  only  were  they  performed 
without  wire  connections,  but  without  poles  or 
aerial    wires   of  any  sort,  and  with   a  simple 
Bunsen    battery   representing    about     8   volts. 
The     transmission,    moreover,     was     not     by 
means  of  Hertzian  waves  through  the  air,  but 
of  currents  through  the  earth. 


JAMES    TARBOTTOX    ARMSTRONG    AND    AXEL    ORLIXG. 
AN    UNREVKALED    TRANSMITTER. 

The  method  of  earth  currents  is  not  in 
itself  a  new  one.  It  was,  as  the  writer  showed 
in  his  first  article,  amongst  the  earliest  devices 
tried  by  experimenters,  and  was  superseded 
first  by  the  induction  method  and  then  by 
Hertzian  waves.  Messrs.  Orling  and  Armstrong, 
however,  do  not  use  earth  currents  pure  and 
simple,  but  claim  by  means  of  a  **  make  and 
break "  induction  mechanism,  forming  part  of 
the  unrevealed  transmitter,  to  combine  them 
with  high  tension  discharges  which  vastly 
enhance  their  capabilities.  The  scientific  ex- 
planation of  this  phenomenon  is  still  to  be  given. 
Assuming  that  it  is  as  the  inventors  say,  the 
method  of  proceeding  is  to  run  a  pair  of  wires 
from  the  terminals  of  the  transmitter  to  two  iron 
stakes  driven  into  the  ground,  or  to  earth  plates, 
some  ten  feet  apart  or  more,  according  to  the 
distance  to  be  traversed,  and  to  connect  the 
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ORLIXG-ARMSTROXG    CAPILLARY    RELAY. 

receiver  in  the  same  way.  This  simple  arrange- 
ment provides  all  that  is  requisite  for  signalling, 
and  even  for  verbal  telephoning,  up  to  five 
miles.  For  longer  distances  up  to  twenty 
miles  vertical  wires  are  employed,  but  with  what 
effect  is  not  explained.  In  really  long  distance 
signalHng  it  was  the  inventors*  intention  to  make 
use  of  relays  buried  in  the  earth  at  suitable  inter- 
vals, and  for  these  relays  a  novel  and  extremely 
sensitive  instrument  has  been  devised,  the  latest 
form  of  which,  a  mercury-capillary  siphon,  is 
the  only  piece  of  apparatus  belonging  to  the 
system  which  has  been  technically  described 
and  illustrated.  The  inventors  claim  to  have 
discovered  what  other  investigators  have  missed 
or  ignored,*  viz.,  that  however  sensitive  the 
ordinary  filings  coherer  may  be  in  its  virgin 
state,  this  sensitiveness  is  greatly  diminished 
after  a  current  sutHicient  to  work  an  ordinary 
relay  has  once  been  passed  through  it.  The 
capillary  siphon  practically  passes  no  current  at 
all  ;  and  the  coherer  used  with  it  consequently 
preserves  its  sensitiveness  indefinitely. 

••ARMIOIIL*'   KLKCTRO-CAPIUjyiY  RKLAY. 

We  show  here  an  illustration  of  the  **  Armorl*' 
electro-capillary  relay,  and  also   a  diagram  of 


the  receiving  apparatus  (fig  2), 
comprising  a  coherer,  relay,  and 
de-cohering  device.  The  latter 
is  reduced  in  powerfulness  pro- 
portionately to  the  reduction  in 
current  passing,  and  is  just  suffi- 
cient to  break  the  small  arcs,  or 
relieve  the  strain,  between  the 
cohering  particles.  The  con- 
struction of  the  relay  and  its 
action  are  as  follow :  There  is  a 
bent-tube  siphon  of  which  the 
shorter  leg  stands  in  a  vessel  of 
^  mercuryj  and  the  longer  leg  goes 

m  over  into  a  vessel  of  acidulated 

water.      The  point  of  this  leg  is 
so  fine  that  mercury  is  prevented 
by  capillary  repulsion  from  passing 
out;    but  when   even   a   minute 
current    is  sent  through  the  leg 
and  out  from   the   water    vessel, 
the   mercury,  as  in   Lippmann's 
electrometer,  follows  the  current,  and   comes 
from  the  bottom    of  the   siphon  in  extremely 
fine  drops.       These  fall  on   to  a    globule   of 
mercury  sealing  a  very  fine  hole  in  the  bottom 


'mm4im 


'  l>r.  Cluiiuicr  U»>sc.  h«nvc\cr.  in  his  p.ipcr  «>n  coherers 
le.ul  bclorc  the  Koyal  Sncictx.  April  27tli.  iSoo,  pointed 
t»ul  Ihe  ^.t»ne  i.iv.t  a^  ha\inj^  lx*en  noticed  bv  hiin. 
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of  the  water  vessel,  and  their  addition  is  suffi- 
cient to  cause  a  corresponding  flow  through  this 
hole.  The  droplets  on  passing  out  of  the  hole 
form  a  momentary  contact  between  two 
metallic  points,  and  so  cause  the  relay  or 
receiving  instrument  to  act.  After  passing  the 
contacts  they  next  fall  on  to  a  small  vibrating 
tongue  in  connection  with  the  coherer,  and  so 
perform  the  function  of  de-cohesion.  The 
writer  has  seen  this  instrument  operated  through 
a  high  resistance  with  an  infinitesimally  small 
current,  and  certainly  its  sensibility  is  beyond 
that  of  anything  at  present  in  use  ;  far  beyond 
that  of  the  siphon  recorder,  for  instance,  which 
it  is  well  adapted  to  replace,  quite  apart  from 


THE    ORLIXG-ARMSTROXG     "  WIRELESS*'    TELEPHONE. 

questions  of  "  wireless  "  telegraphy.  It  should  be 
mentioned  that  an  ingenious  form  of  automatic 
fountain  is  affixed  to  the  relay,  whereby  the 
level  of  the  mercury  in  the  main  vessel  is  kept 
constant. 

THE   INVENTORS  OP  THE   ORLINQ-ARM8TRONQ 
8Y8TEM. 

Mr.  Orling,  the  actual  inventor  of  this  com- 
bination, is  a  young  Swede  whose  experiments 
with  a  dirigible  torpedo  attracted  some  attention 
in  his  own  country  before  he  came  here.  He 
is  an  enthusiast,  and  a  highly  resourceful  experi- 
menter. Mr.  Armstrong,  his  collaborator,  is 
known  as  having  sold  the  Lee-Metford  patents 
to  the  British  Government.  The  two  have 
apparently  formed  a  company  with  a  capital. of 
^175,000,  already  promised  or  subscribed,  and 


are  now  engaged  in  manufacturing  and  selling 
instruments  at  an  extraordinarily  low  cost.  They 
have  works  at  Hughenden,  and  in  France,  where 
they  seem  to  have  alHed  themselves  with  the 
Branly  company,  and  the  field  for  which  they 
are  specially  laying  themselves  out  is  that  of 
small  private  installations.  They  have  also 
worked  out  an  extremely  hght  and  portable 
apparatus  for  military  use.  The  telephone 
here  illustrated  is  the  simplest  thing  so  far 
produced  and  offered  for  wireless  purposes. 
It  is  fitted,  as  may  be  seen,  with  four  terminals, 
two  of  which  go  to  a  small  battery,  and  two  to 
metal  spikes  in  the  ground.  It  is  guaranteed 
to  reproduce  speech  up  to  two  miles,  and  to 
serve  for  Morse  communications  up  to  five. 
For  twenty  miles  a  different  apparatus  is 
supplied. 

8CREENINa 

Nothing  has  yet  been  said  about  screening, 
one  of  the  most  vital  points  in  connection  with 
the  Orling-Armstrong  apparatus.  In  this  the 
inventors  claim  to  have  a  great  advantage  over 
users  of  long  waves.  By  means  of  their  inter- 
rupter and  proper  adjustment  of  the  receiving 
instrument,  it  is  stated  that  they  can  render 
any  pair  of  instruments  absolutely  private,  and 
that  they  have  a  range  of  40,000  wave  lengths 
on  which  to  ring  the  changes.  Inquiry  elicited 
the  information  that  ordinary  instruments,  such 
as  the  telephone  apparatus  shown,  are  not  fitted 
with  any  such  selective  mechanism,  and  it  will  be 
interesting  to  see  how  they  work  in  practice. 
It  was  added  that  in  case  of  trouble  arising  on 
this  account  the  modification  could  easily  be 
made  at  reasonable  extra  cost. 

DE    FOREST   8Y8TEM. 

Of  other  systems  calling  for  notice  by  reason 
either  of  their  originality  or  importance  may  be 
mentioned  two  that  have  made  their  appearance 
in  America — the  De  Forest  and  the  Fessenden. 
Both  employ  a  different  device  from  the 
ordinary  coherer  as  the  root  of  their  receiving 
apparatus.  In  the  De  Forest  system,  use  is  made 
of  what  is  known  as  the  **  anti-coherer " 
principle,  namely,  instead  of  the  effect  of  the 
waves  being  to  diminish  a  resistance  and  so 
start  a  current  in  the  relay,  they  increase  it  and 
so  cause  an  interruption  in  a  normally  flowing 
current.  The  De  Forest  **  responder "  is  an 
electrolytic  cell,  in  which   two    electrodes    of 
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FESSEXDEX  S   APPARATUS. 


some  soft  metal  are  placed  in  a  viscous 
paste  containing  metallic  particles  and  an 
electrolysable  liquid.  A  cui  rent  flows  through 
this  from  a  Iccdl  battery,  detaching  minute 
particles  of  metal  and  causing  them  to  pass 
from  one  electrode  to  the  other,  so  that  the 
normal  resistance  of  the  cell  is  small.  Under 
the  action  of  Hertzian  waves  electrolysis  is  set 
up,  and  the  generation  of  hydrogen  bubbles  at 
the  cathode  forms  a  cushion  which  lincreases 
the  resistance  and  breaks  the  current  momen- 
tarily. The  transmitting  apparatus  consists  of 
a  small  alternator,  giving  an  ordinary  alternating 
current  of  about  500  volts,  with  a  periodicity  of 
60  per  second.  This  is  transformed  up  to  a 
potential  of  25,000  volts,  applied  direct  to  a  spark 
gap  with  a  Leyden  jar  battery  in  shunt.  The 
primary  current  is  interrupted  with  a  special 
Morse  key,  and  signalling  is  said  to  be  very 
rapid,  averaging  forty  words  per  minute  in  the 
usual  Morse  code. 

PKSSENDEN'8   8Y8TEM. 

Professor  Fessenden's  system  is  more  elaborate, 
and  claims  to  be  based  on  a  new  principle 
entirely.  The  waves  he  uses  are  not  Hertz 
waves  proper,  but  **  half-waves,'*  which 
travel  over  the  surface  of  a  conductor 
and  admit  of  being  deflected.  They 
are  described  as  "  semi-free  ether 
waves,  but  yet  not  current  waves,"* 
and  in  his  specification  Professor 
Fessenden  says  :  **  In  the  Lodge  waves 


the  electrical  energy  is  maximum  when 
the  magnetic  energy  is  minimum,  and 
all  the  energy  not  absorbed  by  resis- 
tance is  recoverable ;  with  the  form  inves- 
tigated by  me  the  electrical  energy  is 
a  maximum  at  the  same  time  as  the 
magnetic,  and  none  of  the  energy- 
radiated  is  recoverable  except  by  de- 
flection." The  Fessenden  transmitter 
is  shown  in  diagram.  It  consists  of 
a  vertical  aerial  wire,  called  **the 
antenna,"  and  a  long  secondary  con- 
ductor which  is  carried  horizontally 
over  buildings,  etc.,  and  earthed  at 
each  end.  The  length  of  either  arm 
of  this  conductor  is  approximately 
one-quarter  the  wave  length  employed. 
The  mast  is  guyed  from  the  top  by 
coils,  which  have  a  natural  period  of 
oscillation  diff^erent  from  that  of  the 
antenna  ;  which  arrangement,  it  is  claimed, 
together  with  the  earthed  conductor,  or  "  wave- 
chute,"  eliminates  all  outside  interference  from 
wave  lengths  not  in  tune.  The  vertical  wire  has 
a  large  capacity  and  a  low  induction,  the  former 
being  regulated  by  increasing  the  area  of  the 
wire,  and  the  latter  by  adding  to  the  number 
of  turns  of  wire  which  connect  the  vertical 
wire  with  the  source  of  electro-magnetic  force. 
The  induction  coil  is  kept  permanently  in 
action  when  transmitting,  a  key  being  employed 
to  interrupt   the   flow    of  waves    by  throwing 


From  the  Electrician 
FIG.   3.      FESSEXDEX'S   APPARATl'S — THE 


'  WAVE    CHUTE." 


*  See  description  by  A.  F.  Collins  in  the  Electrical 
World  (X.Y.),  August  23,  1902,  and  in  the  Ekctrician, 
October  3,  1902.  The  illustrations  are  kindly  supplied 
bv  the  Eh'ctrician. 


the  antenna  out  of  tune  with  the  receiving 
station.  The  key  short-circuits  the  tuning 
device.  This  latter  consists  of  a  tuning  grid 
consisting  of  parallel  strips  or  wires,  immersed 
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in  oil,  and  fitted  with  sliding  contact  pieces. 
The  capacity  and  inductance  of  the  tuning 
device  are  carefully  proportioned  to  give  a  true 
sine  wave. 

The  Fessenden  detector  or  receiver  is  an 
ingenious  device  illustrated  in  the  diagram.  A 
minute  loop  of  silver-plated  platinum  wire 
(marked  14  in  the  diagram  illustrated  here), 
joins  the  ends  of  a  pair  of  leading-in  wires, 
which  are  sealed  into  a  glass  bulb.  The  loop 
itself  is   exposed   to  the  action  of  nitric  acid, 

vwvwf  ^ 


21- 


From  the  Electrician. 
FIG.    4. 


FESSENDEN  S     APPARATUS — WAVE-DETECTOR 
AND    STAND,    WITH     INSTRUMENTS. 


which  dissolves  off  the  silver,  leaving  a  platinum 
wire  of  •oooo6-in.  diameter.  This  is  enclosed 
in  an  inner  silver  shell.  The  action  is  that  of 
a  bolometer,  in  which,  however,  the  radiating 
or  absorbing  surface  is  very  small  as  compared 
with  the  mass.  The  heat  capacity  is  propor- 
tionately small,  and  an  infinitesimal  quantity  of 
heat  serves  to  operate.  The  glass  bulb  is 
exhausted  in  order  further  to  increase  the 
sensitiveness  of  the  instrument.  Shown  beside 
the  receiver  is  a  revolving  stand  containing 
several  of  the  instruments.  The  purpose  of 
this  is  to  switch  in  a  fresh  receiver  immediately 
should  the  one  in  use  fail,  A  high  rate  of  word 
transmission  is  claimed  also  for  the  Fessenden 


apparatus,  in  connection  with  which  the  Morse 
inker  has  been  discarded  for  a  telephone. 

Both  the  Fessenden  and  the  De  Forest 
systems  were  tried  during  the  United  States  naval 
manoeuvres,  and  answered  their  trials  satisfac- 
torily so  far  as  they  went.  The  distances  over 
which  they  weie  tried  were  not  great,  but 
the  conditions  were  fairly  stringent.  A  tug- 
boat containing  the  De  Forest  apparatus  was 
nearly  blown  out  of  the  water  by  the  Brooklyn^ 
and  narrowly  escaped  foundering  in  a  gale  ;  but 
95  per  cent,  of  the  messages  sent  were  correctly 
received  and  were  forwarded  to  headquarters. 
The  installation  has  been  made  permanent  by 
the  United  States  Government. 

OTHER  8Y8TEM8. 

Space  does  not  permit  more  than  passing 
mention  of  other  systems  which  are  in  use,  or 
which  have  been  proposed.  There  is  one  bear- 
ing the  name  of  M.  Ducretet,  who  was  amongst 
the  earliest  French  investigators  to  handle  the 
subject.  France  also  claims  the  systems  of 
M.  Branly,  of  MM.  Rochefort  and  Tissot,  and  of 
Captain  Ferrie.  Russia  has  one  known  by  the 
name  of  Professor  Popoff ,  the  distinguished  head 
of  the  observatory  at  Cronstadt.  Professor  Popoff 
may  claim  to  have  been  amongst  the  earliest 
experimenters  with  "  wireless  "  telegraphy  any- 
where. His  researches  arose  out  of  the  con- 
struction of  an  apparatus  for  detecting  and 
recording  atmospheric  electric  disturbances, 
and  in  1895  or  1896  he  published  a  communica- 
tion embodying  the  use  of  an  elevated  or  aerial 
wire,  with  a  coherer  and  tapper  actuarting  a 
relay  in  the  same  manner  as  was  employed  first 
by  Lodge  and  later  by  Marconi.  In  England 
systems  have  been  devised  and  tried  by  Mr. 
A.  C.  Brown  and  Mr.  Nevil  Maskelyne— with 
what  success  is  not  known,  and  in  Italy  there  is 
a  system  separate  from  that  which  is  employed 
in  the  Navy,  bearing  the  name  of  M.  Guarini, 
who  has  made  many  valuable  experiments  bear- 
ing on  the  subject.  Doubtless  others  might 
also  be  named,  for  it  is  a  fact  that  in  many 
private  laboratories  trials  are  being  made  of 
which  little  would  be  known  did  they  not  occa- 
sionally interfere  with  one  another's  results  and 
intercept  each  other's  messages.  This,  indeed, 
is  likely  to  be  the  great  difficulty  at  first  with 
any  systems  which  are  taken  up  commercially. 
Even  the   Marconi   Company's  system,  which 
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claims  to  be  so  well  protected,  is  by  no  means 
perfect  yet,  if  the  report  be  true  that  all  messages 
sent  from  Poldhu  via  Gibraltar  and  Spezzia  to 
the  Carlo  Alberto  were  read  by  two  independent 
observers,  a  considerable  distance  apart,  who 
were  able  to  check  their  accuracy  and  also  to 
gauge  the  rate  of  signalling  attained,  and  the 
amount  of  repetition  which  was  necessary. 


originality.  In  a  paper  read  before  the  Royal 
Society,  April  27th,  1899,  ^®  summed  up  these 
researches,  which  were  begun  in  1895,  or 
earlier,  and  which  included  trials  of  coherers 
formed  by  the  imperfect  contact  of  almost  all 
the  metallic  elements.  Dr.  Bose  holds  different 
views  from  most  physicists  as  to  the  cause  of 
coherer  action.    According  to  him,  the  alteration 


PROFESSOR    A.    POPOFF. 


DR.   B08E'8   THEORY. 

One  further  name  which  ought  to  be  men- 
tioned in  connection  with  the  development  of 
**  wireless"  telegraphy  is  that  of  Professor  Jagadis 
Chunder  Bose,  the  gifted  Indian  physicist, 
whose  researches  into  the  action  of  Hertzian 
waves  and  the  behaviour  of  coherers  were 
comparatively  early  in  date  and  of  the  highest 


in  resistance  is  due  to  a  molecular  change, 
analogous  to  allotropism,  and  not  to  the  forma- 
tion of  vapour  arcs,  or  to  cohesion  in  any  way. 
The  coherer,  according  to  him,  is  like  a  metal 
in  an  extremely  unstable  condition,  which  only 
requires  a  slight  strain  to  throw  it  off  its 
balance.  In  most  cases  the  effect  of  the  strain 
induced   by  Hertzian   oscillations   is  to   lower 
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FIG.    5.      RELAY   AND    TAPPER    USED    BY    POPOFF 
IN    1895. 

the  resistance ;  but  Dr.  Bose's  theory  pre- 
supposeSy  and  in  practice  he  found  it  to  be  the 
case,  that  coherers  can  be  made  in  which  the 
opposite  is  the  case,  and  the  resistance,  instead 
of  being  lowered,  is  considerably  increased. 
This  is  especially  the  case  with  the  alkali 
metals,  potassium,  sodium,  and  lithium,  and  the 
fact  may  be  of  importance,  inasmuch  as  coherers 
formed  of  these  metals  tend  to  de-cohere  them- 
selves. Theoretically,  if  the  cause  of  the 
coherer  action  is  a  strain,  all  coherers  should 
be  self-recovering,  in  accordance  with  the 
general  torsional  rules,  and  in  certain  cases,  no 
doubt,  they  are  so.     The  question  of  strains, 
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and  of  the  galvanic  swing  set  up  by  them  in 
almost  all  kinds  of  matter,  from  living  muscle 
to  inanimate  metals,  is  one  which  Dr.  Bose  has 
made  his  special  study,  and  on  which  he  has 
lately  produced  some  very  startling  evidence. 
It  was  out  of  his  experiments  with  coherers 
that  these  further  researches  arose,  and  in  dealing 
with  the  history  of  "  wireless "  telegraphy, 
in  which  coherers  have  played  so  large 
a  part,  it  is  right  that  Dr.  Bose's  work  should 
meet  with  recognition. 


'  WIRKLV88  ' 


How  far  coherers  will  continue  to  be  used 
in  the  future  is  an  open  question.  The  ten- 
dency seems  to  be  to  eliminate  them,  at  any 
rate  in  the  filings-tube  form,  and  to  substitute 
other  devices  for  intercepting  the  transmitted 
waves.  It  is  rumoured,  for  instance,  that  the 
new  Lodge-Muirhead  system,  which  is  being 
kept  secret  at  present,  dispenses  with  coherers 
altogether.  No  one  can  forecast  what  the 
"  wireless  "  telegraphy  of  the  future  will  be,  but 
the  chances  are  that  it  will  not  be  any  of  the 
systems  at  present  in  vogue.  Judging  by  his- 
torical precedent,  the  next  few  years  will 
in  all  probability  witness  some  great  develop- 
ment on  quite  novel  lines,  which  will  render 
obsolete  all  the  work  described  in  these  articles. 
Even  should  that  happen,  the  work  is  worth 
recording  on  account  of  its  intrinsic  interest, 
and  because  the  actual  accomplishment  has  been 
far  from  contemptible.  It  is  certain  that  without 
competition  and  experiment  over  long  years, 
the  practicable  perfect  system  would  never 
arrive. 
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The  endeavour  to  supersede  hand  labour  by  mechanical 
means  now  extends,  in  Germany,  to  the  loading  and 
unloading  of  railway  waggons,  and  manufacturers  as 
well  as  railway  companies  are  beginning  to  find  out  the 
advantage  of  employing  larger  waggons  that  can  dis- 
charge themselves.  The  fear  that  such  waggons  might 
not  be  fully  utilised  owing  to  the  absence  of  return  load 
may  perhaps  be  justified  to  a  certain  extent  in  the  case  of 
a  few  unimportant  railways  with  insufficient  rolling  stock, 
but  certainly  not  in  that  of  main  lines  with  heavy  and 
regular  traffic. 

In  iK(/;  the  Prussian  State  Railway  carried  248,218,010 
tons  of  goods,  including  119,493,973  tons,  or  49  per  cent., 
of  coal,  lignite,  and  ore,  but  not  including  sand,  lime, 
slag,  and  other  such  substances  of  slight  value  that  are 
also  sent  off  in  large  quantities.  When  it  is  considered 
that  most  of  the  coal  and  ore  consignments  were  to  or 


from  the  Ruhr,  the  Saar,  Siegerland,  Upper  Silesia,  or 
Luxemburg,  and  that  the  waggons  had,  for  the  most  part, 
to  be  returned  empty,  the  idea  of  increasing  the  capacity 
and,  therefore,  better  utilising  the  dead  weight,  naturally 
suggests  itself. 

It  is  estimated  that  3,000,000  tons  of  coke  are  now  sent 
yearly  by  the  VVestphalian  Coal  "Syndicate  to  Lothringen 
and  Luxemburg,  which  corresponds  with  about  1,000 
waggon-loads  daily.  As  these  consignments  are  made 
by  complete  trains,  the  advantage  of  increasing  the  size 
of  the  waggons,  and  rendering  them  self-discharging,  is 
obvious.  They  can  make  more  frequent  journeys,  and 
the  number  of  waggons  can  be  reduced  with  less 
encumberment  at  the  stations. 

The  saving  that  can  be  effected  at  industrial  establish- 
ments is  even  greater.  For  instance,  a  large  steelwork? 
company  receives  daily  200  lo-ton  waggon  loads  of  ore 
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SIDE    ELEVATION    OF    30-TON    TALBOT    SELF-DISCHARGING    WAGGON. 


and  coal,  and  the  unloading  of  each  waggon  by  hand 
costs  a  shilling,  so  that  the  yearly  expense  on  this  head 
is  £r300,ooo,  which  sum  might  be  saved  by  the  use  of 
self-discharging  waggons.  The  cost  of  such  waggons 
is  quickly  paid  off  in  the  case  of  large  works,  where  the 
discharge  siding  is  higher  than  the  general  level,  or  the 
waggons  discharge  into  a  pit,  from  which  coal  and  ore 
can  be  taken  up  by  a  bucket  chain,  as  in  America. 
Several  German  railway  administrations  are  now  more 
and  more  employing  these  improved  waggons,  and  it  is 
reasonable  to  expect  that  large  smelting  and  manufac- 
turing companies  will  follow  suit. 

Messrs.  Talbot  and  Co.,  of  Aix-la-Chapelle,  are  building  a 
waggon  that  is  intended  to  combine  greater  carrying 
capacity  with  easy  unloading  ;  and  they  consider  that 
their  patent,  20-  and  30 -ton  self -dischargers,  made  of 
pressed  steel,  best  solve  the  problem  of  economical 
railway  carriage  under  European  conditions,  as  they 
permit  the  load  to  be  discharged  automatically  on  either 
side  at   will,  or  on  both  sides,  clear  of  the  rails,  and 


do  not  require  an  elevated  track,  while  the  short  wheel- 
base  permits  of  existing  turn-tables  being  retained. 

The  Talbot  self-discharging  waggon  is  claimed  to  unite 
in  itself  all  the  advantages  of  tipping  waggons,  ordinary 
waggons,  discharging  at  the  sides,  and  hopper  waggons 
discharging  at  the  bottom  between  the  rails.  The  illus- 
tration shows  a  train  of  these  waggons  lately  supplied  to 
the  Prussian  State  Railway  Administration.  Side  and 
end  elevations  of  the  30-ton  6-wheel  waggon  are  also 
shown,  the  dimensions  being  given  in  millimetres, 
including  length  of  body,  8,700  millimetres  (28  ft.  6  in.) ; 
length  of  under-frame  *  without  buffer,  8,700  millimetres 
(28  ft.  6  in.) ;  extreme  height,  3,000  millimetres  (9  ft.  10  in.), 
and  breadth  over  all,  3,075  millimetres  (10  ft.). 

The  waggon  sides  are  inclined  to  such  an  angle  that 
the  doors  formed  in  them  open  of  themselves,  through 
the  pressure  of  the  load  directly  a  bolt  is  withdrawn  ; 
and  the  body  is  so  much  raised  above  the  frame  that  the 
load,  sliding  over  guide  plates,  inclined  to  an  angle  of 
33  degs.,  is  dehvered  as  far  as  possible  from  the  rail. 
For  discharging  a  waggon,  including  the  opening  and 
closing  of  the  doors,  it  is  found  that  two  men  require 
two  minutes  at  the  outside,  the  working  of  the  bolt  from 
the  end  of  the  waggon  being  very  simple. 

The  following  example  has  been  adduced  to  show  the 
great  saving,  both  in  first  cost  and  current  expense, 
effected  by  the  30-ton  self-discharger,  in  conveying  900 
tons  of  iron  ore  from  the  mine  to  the  blast  furnace.  If 
this  is  effected  by  sixty  15-ton  waggons,  their  first  cost 
will  be  ;f6,900,  and  the  yearly  expense,  including  up- 
loading, £1,125,  while  with  the  Talbot  self-dischargers, 
the  corresponding  figures  will  be  ;f4,70o  and  £4$^ 
showing  a  saving  of  £2,200  in  first  cost,  and  ;£t,o8o  in 
yearly  current  expenses. 


END  ELEVATION. 


The  Tofpcdo-Boat  Destroyer  ''Mode*'' 

In  November  of  last  year  the  Swedish  (government 
placed  a  contract  with  Messrs.  Jarrow  and  Co.,  Ltd.,  for 
one  of  their  latest  type  of  torpedo-boat  destroyers,  having  a 
guaranteed  speed  of  31  knots,  and  carrying  a  load  of 
35  tons.    The  vessel  was  finished   in  August   last,  its 
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TORPEDO-BOAT    DESTROYER    "  MODE." 

Built  for  the  Royal  Swedish  Government  by  Messrs.  Yarrow  and  Co.,  Ltd. 


construction  having  occupied  ten  months.  The  official 
trial  was  carried  out  on  August  28th,  when  a  speed 
of  32*4  knots  was  obtained  during  a  continuous  run  of 
three  hours. 

There  are  four  Yarrow  boilers  of  the  water-tube  type, 
with  straight  tubes,  and  two  sets  of  four-cylinder  triple- 
expansion  engines.  The  indicated  power,  of  the 
machinery  is  about  6,500  h.p.  The  engines  are  balanced 
on  the  Yarrow,  Schlick,  and  Tweedy  system,  and  during 
the  trial  it  was  found  that  there  was  practically  no  vibra- 
tion at  any  speed. 

The  sub-division  of  the  vessel  is  very  similar  to  that 
of  other  destroyers,  but  the  speed  obtained  in  this 
instance  eclipses  any  previous  performance  of  vessels 
built  by  Messrs.  Yarrow  and  Co.,  who  have  constructed 
for  the  Japanese  Government  eight  vessels  of  similar 
construction. 


The  Swedish  destroyer  bears  the  name  of  **  Mode," 
which  in  ancient  mythology  is  the  name  of  the  son  of 
Thor,  the  God  of  Thunder. 

The  vessel  carries  two  i8-in.  revolving  torpedo-tubes 
aft,  suitable  for  firing  at  any  angle  over  either  side.  The 
gun  armament  consists  of  six  57-millimetre  quick-firing 
guns,  placed  one  on  the  conning  tower,  one  on  each  bow, 
one  on  each  side  amidships,  and  one  aft.  A  search-light 
is  placed  on  the  top  of  the  chart  house  and  is  in  an 
elevated  position,  so  as  to  cast  the  beam  of  light  well 
over  the  steersman's  head  and  the  forward  guns. 

The  vessel  is  fitted  with  heating  apparatus  throughoutr 
so  as  to  render  her  habitable  during  the  inclement  winter 
seasons  in  the  Baltic. 

She  reached  Stockholm  a  few  days  ago.  His  Majesty 
the  King  of  Sweden  and  Norway  had  a  run  in  her  and 
expressed  himself  as  highly  delighted. 
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The  New  High-Level  Bridge  at  Newcastle- 
on-Tyne. 

The  accompanying  elevation  shows  the  new  high-level 
bridge  over  the  Tyne  at  Newcastle,  which  is  being  built, 
to  the  order  of  the  North-Eastern  Railway  Company,  by 
the  Cleveland  Bridge  and  Engineering  Company,  Dar- 
lington. The  structure,  which  is  necessitated  by  the 
steadily  growing  traffic  at  Newcastle  Station,  is  the 
largest  of  the  kind  erected  in  Great  Britain  since  the 
completion  of  the  Forth  Bridge,  and  will  involve  a  cost 
of  something  like  ;^'47o,ooo.  The  contract  comprises  a 
railway  of  four  lines  of  road,  commencing  with  a 
junction  with  the  Newcastle  and  Carlisle  Railway  on  the 
north  of  Forth  banks,  and  terminating  with  a  junction 
with  the  main  line  east  of  Redheugh  Bridge  Road,  on 
the  Gateshead  side,  being  a  length  of  over  half  a  mile  of 
viaduct.  In  addition,  there  is  included  a  connecting  loop 
railway  of  two  lines  of  road,  commencing  with  a  junction 
at  the  south  end  of  the  bridge,  and  which,  curving  east- 
w^ards,  will  join  the  main  line  again  to  the  west  of 
Gateshead  Station,  this  second  railway  forming  a  viaduct 
about  800  ft.  long. 

The  commencement  of  the  viaduct  on  the  Newcastle 
side  will  be  an  extension  of  the  arching  from  Forth 
Banks  up  to  the  Forth  Warehouse,  the  railway  being 
then  carried  on  masonry  arches  and  on  steel  girder 
work.  The  bridge  proper  will  consist  of  three  large 
spans  of  steel  work,  the  approach  span  over  the  land  on 
the  north  shore  being  231  ft.  long  in  the  clear,  the  two 
adjoining  spans  over  the  river  being  each  300  ft.  in  the 
clear. 

The  abutments  and  piers  supporting  these  spans  are  of 
bolid  grey  granite  masonry,  set  in  Portland  cement.  The 
piers  are  about  62  ft.  wide  by  25  ft.  in  thickness.  The 
foundations  of  the  piers  next  the  river  are  constructed  of 
watertight  cofferdams,  built  so  as  to  exclude  the  water 
while  the  work  proceeds.  The  foundations  for  the  three 
main  river  piers  are  being  made  by  means  of  large  steel 
caissons  sunk  by  the  pneumatic  process  to  a  considerable 
depth  below  the  bed  of  the  river.    The  caissons  are  about 


120  ft.  in  length  and  35  ft.  in  width,  the  height  varying 
according  to  the  depth  of  the  river. 

The  height  of  the  underside  of  the  steel  girders, 
forming  the  superstructure  of  the  bridge  proper,  will  be 
over  80  ft.  above  high  water.  The  girders  will  be  of  steel 
and  of  the  usual  lattice  type,  27  ft.  deep  ;  the  weight  of 
the  300-ft.  span  girders  being  about  300  tons  each. 


Oil  Fuel  for  Naval  Purposes. 

The  Navy  Department  at  Washington  has  just  issued 
a  report,  based  upon  experiments  which  have  been  pro- 
ceeding for  some  time  to  determine  the  extent  to  which 
oil  fuel  might  be  used  with  advantage  in  the  case  of 
warships.  The  authors  of  the  report  show  that  oil  is 
more  expensive  than  coal  in  the  proportion  of  14  to  10, 
and  that  it  is  more  dangerous  to  handle.  At  the  same 
time,  the  many  advantages  of  oil  are  not  denied,  one  of 
them  being  that  steam  can  be  generated  more  quickly  by 
its  use  than  with  coal  Lieut.  Winchell,  of  the  United 
States  Navy,  who  was  deputed  to  report  on  the  voyage  of 
the  steamship  Mariposa,  which  steamed  8,000  miles 
exclusively  on  oil,  speaks  almost  entirely  in  its  favour.  In 
addition  to  the  greater  rapidity  of  steam  generation,  he 
claims  for  oil  that  it  leaves  no  ash  to  be  dealt  with,  that 
fewer  firemen  are  needed,  that,  comparatively,  there  is 
no  smoke,  that  greater  heat  is  produced  in  a  given  space, 
and  that  oil  can  be  more  compactly  stowed. 


An  '•  International  Engineering,  Machinery,  Hardware, 
and  Allied  Trades  Exhibition,"  will  be  held  at  the  Crystal 
Palace  from  March  2nd  to  May  31st,  1903,  under  the 
distinguished  patronage  of  Lord  Kelvin,  the  Earl  of 
Stanhope,  Lord  Strathcoiia,  and  many  other  leading  men 
connected  with  industries  coming  within  its  scope.  A 
number  of  influential  engineering  firms  have  arranged  to 
exhibi*,  and  the  promoters  confidently  hope  that  the 
exhibition  will  be  a  decided  success. 


ELEVATION    OF    STEEL    SPANS    OVER    THE    RIVER    TYNE. 
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THE  GREAT  SHEERS  AT  CHATHAM  DOCKYARD. 

NAVAL    NOTES. 

MONTHLY  NOTES   ON    NAVAL    PROGRESS   IN    CONSTRUCTION   AND   ARMAMENT. 

BY 

N.  I.  D. 


TOURING  the  last  two  months  nearly  all  the 
^^  great  powers  have  been  carrying  out 
manoeuvres  with  their  principal  fleets  and 
squadrons.  This  system  of  instruction,  which 
has  become  an  established  custom  of  recent 
years,  affords  not  only  an  exercise  for  the  officers 
of  the  respective  fleets  and  the  men  under  them, 
but  is  also  a  test  of  the  powers  of  the  ships 
engaged.  In  this  connection  it  is  noteworthy 
that  we  hear  much  less  now  than  we  did  in 
previous  years  of  ships  breaking  down  one  after 
the  other  and  having  to  return  to  the  dockyards 
for  refit.  And  this  may  be  said  to  be  true  not 
only  in  the  case  of  our  own  vessels  but  in  those 


also  of  foreign  powers.  The  explanation  is  not 
far  to  seek.  There  can  be  no  doubt  that  a 
vessel  which  has  been  running  some  little  time 
is  far  less  likely  to  develop  defects  than  one 
which  has  been  but  a  short  time  under  the  pen- 
nant. Even  in  the  case  of  specially  commissioned 
ships  the  lesson  has  gone  home  and  the  reserves 
in  the  dockyards  are  maintained  in  a  condition 
far  more  ready  for  use  than  was  the  case  before 
the  Naval  manoeuvres  were  instituted. 

It  is  noteworthy  as  regards  the  scheme  of 
operations  which  the  several  powers  have  chosen 
for  their  exercises,  that  these  differ  considerably 
in  scope  and  object.     In  the  United  States  the 
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manoeuvres  were  divided  into  two  parts,  the  first 
section  of  which  was  concerned  with  a  notion 
very  prevalent  in  the  American  coast  ports 
during  the  late  war.  It  was  assumed  that  some 
European  admiral  was  attempting  to  secure  a 
base  for  operations  on  the  American  Httoral 
between  Chatham,  Mass.,  and  Portland,  Me. 
The  enemy,  in  fact,  was  supposed  to  be 
endeavouring  to  find  a  Guantanamo  on  the 
United  States  coast,  regardless  of  the  circum- 
stance that  the  defender  had  still  a  fleet  "  in 
being."  The  outcome  was  a  meeting  between 
the  two  forces,  in  which  the  enemy  being  the 
weaker  went  to  the  wall.  The  second  section 
of  the  manoeuvres  was  of  a  similar  nature, 
inasmuch  as  it  included  combined  operations 
with  the  Army  upon  a  scheme  of  coast  attack 
and  defence,  the  establishment  of  a  temporary 
base  being  again  the  object  of  the  enemy.  The 
"alarums  and  excursions"  which  ensued  are 
described  as  picturesque  and  imposing,  and 
they  may,  indeed,  have  served  as  a  test  of  the 
army  system  of  coast  defence.  But  none  knows 
better  than  the  United  States  naval  authorities 
that  battleships  are  not  intended  for  the  purpose 
of  atticking  forts,  and  their  ulterior  object  in 
drawing  up  their  schemes  seems  more  likely  to 
have  been  to  attract  and  rivet  public  attention 
upon  the  Navy,  and  to  keep  the  needs  of  the 
nation  in  this  connection  well  in  the  public  eye. 

In  Germany,  as  might  have  been  expected, 
the  operations  have  a  very  practical  character, 
everything  which  might  be  styled  "showy" 
being  eliminated.  Such  scheme  as  there  was 
may  be  said  to  have  been  tactical  rather  than 
strategical,  portions  of  the  period  of  operations 
being  devoted  to  target  practice,  to  scouting 
exercises,  and  to  night  attacks.  The  operations 
were  conducted  partly  in  the  Baltic  and  partly 
in  the  North  Sea,  and  much  experience  would 
therefore  be  gained  by  the  officers  in  navigating 
the  difficult  waters  in  that  region.  The  exer- 
cises in  scouting  are  reported  to  have  been 
ver)'  thorough,  as  were  also  the  tests  applied  to 
the  mobilising  organisation  of  the  torpedo 
flotillas  and  the  ships  in  reserve.  Students  of 
naval  warfare  will  unquestionably  find  much  of 
interest  and  instruction  in  an  attentive  study  of 
the  useful  and  practical  exercises  of  the  German 
Squadron. 

The  French  manoeuvres  have  been  also  par- 
ticularly   instructive.       They  appear   to   have 


demonstrated  the  value  of  improvements  re- 
cently introduced  in  connection  with  mobilisa- 
tion and  the  very  satisfactory .  condition  into 
which  the  effective  material  of  the  fleet  has 
been  brought.  Although  a  very  large  number 
of  vessels  of  varying  types  and  classes  were 
engaged  in  the  operations,  no  serious  defects  are 
reported  to  have  been  developed.  The  strategical 
schemes  were  mainly  concerned  with  the  possi- 
bilities of  adequately  observing  the  movements 
of  hostile  squadrons  through  the  Mediterranean 
by  the  Straits  of  Gibraltar  and  the  passage 
through  the  south  of  Sardinia.  By  means  of 
lines  of  cruisers  and  "  wireless  "  telegraphy  it 
was  found  that  prompt  intelligence  could  be 
obtained  and  conveyed  to  the  bases  of  such 
movements,  results  not  without  significance  to 
ourselves.  The  tactical  exercises  took  the  form 
of  experimental  trials  with  various  fighting 
formations  of  the  forces  engaged.  It  is  now  a 
fact  well  recognised  by  naval  officers  that,  with 
modem  material  of  war,  the  methods  emploj'ed 
by  our  ancestors  of  winning  naval  battles  need 
considerable  modification.  The  principle — that 
of  throwing  an  overwhelming  force  upon  some 
portion  of  the  enemy^s  line,  and  thus  destroying 
it  in  detail — is  the  same.  At  the  Nile  and  at 
Trafalgar,  Nelson  accomplished  this  result  by 
tactical  movements,  which  enabled  him  to 
bring  the  greater  portion  of  his  ships  to  bear 
upon  a  smaller  portion  of  the  enemy's  vessels, 
their  comrades  being  unable  to  come  to  their 
assistance  in  time,  in  one  case,  because  they 
were  at  anchor,  and,  in  the  other,  because  the 
wind  would  not  enable  them  to  do  so.  To-day 
ships  are  independent  of  the  wind  and,  more- 
over, the  threat  of  the  torpedo  will  prevent, 
and  the  long  range  of  the  guns  remove,  the 
necessity  for  close  action.  But  the  object  may 
be  attained  if  an  admiral  can  succeed  in  bring- 
ing a  preponderating,  fire  from  the  guns  of  his 
ships  upon  a  single  ship  or  a  section  of  the 
force  of  his  adversary.  In  France,  therefore, 
and  in  this  country  tactical  exercises  have 
recently  taken  the  shape  of  attempts  to  prove 
the  merits  or  demerits  of  various  fighting 
formations,  with  a  view  of  attaining  this  result. 
It  is  obvious  that  the  method  in  which  Nelson 
and  Collingwood  took  their  ships  into  action  at 
Trafalgar  would  now  result  in  the  foremost 
ships  receiving  the  concentrated  fire  of  the 
enemy,  and  being  knocked  to  pieces  before 
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their  friends  got  into  action.  It 
is  unnecessary  here  to  enter  at 
length  into  the  subject,  which 
may  be  dealt  with  in  a  future 
article ;  but  it  may  be  pointed  out 
that  it  has  a  direct  bearing  upon 
the  design  of  ships  of  war,  par- 
ticularly in  regard  to  the  manner 
of  distributing  their  guns.  The 
French  are  said  to  have  been 
taught  some  important  lessons  by 
the  trials  they  have  carried  out, 
and  doubtless  the  exercises  of  a 
similar  nature  by  our  ships  in  the 
Channel  and  the  Mediterranean 
have  been  equally  productive  of 
valuable  results. 

QRKAT    BRITAIN. 

In  ** Naval  Notes"  for  Sep- 
tember reference  was  made  to  the 
Duncan  class  of  battleships,  of  the 
programmes  of  1898-IQ00.  Three 
of  these  ships  have  completed 
their  trials— the  Russell^  Exmouih^ 
and  Montagu^  which  were  built 
respectively  at  Palmer's  Yard, 
Jarrow,  at  Laird*s  Yard,  Birken- 
head, and  at  Devonport  Dockyard. 
All  three  of  the  remaining  ships 
are  now  at  Chatham,  the  Albemarle 
having  been  built  there,  and  the 
Duncan  and  Cornwallis  delivered 
from  the  Thames  Shipbuilding 
Yard  at  Blackwall.  It  is  antici-  _  - 
pated  that  all  six  vessels  will  be 
ready  for  commission  before  next 
summer. 

At  the  recent  trials  of  the 
armoured  cruisers  of  the  Drake 
class,  the  following  results  with 
full  power  were  obtained  :  Good  Hope 
knots,  with  31,071  i.h.p. ;  Leviathan^ 
knots,  with  31,303  i.h.p.  ;  Drake,  2305  knots, 
with  30*849  i.h.p.  ;  and  King  Alfred,  23-46 
knots,  with  30,893  i.h.p.  In  September  the 
Drakey  fitted  with  experimental  propellers, 
underwent  further  trials.  Three  series  of  runs 
were  made  on  the  measured  mile  in  Stokes 
Bay,  and  four  series  of  runs  over  the  deep 
sea  course  in  Chesil  Reach.  Each  series  com- 
prised four  runs,   two  with   and  two   against 
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BATTLESHIP   RECEIVING   HER  SKIN   PLATING. 
Building  the  Vcncrahk  at  Chatham. 

the  tide.  The  following  figures  indicate  the 
various  speeds  :— 9  52  knots,  with  1,685  Lh.p. : 
1306  knots,  with  4,014  i.h.p. ;  15-41  knots,  with 
6,520  i.h.p.;  17  93  knots,  with  9,872  i.h.p. ;  20  03 
knots,  with  14,801  i.h.p.  ;  2216  knots,  with 
22,534  i.h.p.;  2411  knots,  with  31,409  i.h.p. 
These  results  are  a  considerable  improvement 
upon  the  former  trial,  and  will  probably  lead  10 
an  alteration  in  the  propellers  of  other  ships. 
The  Good  HopCf  of  this  class,  has  been  com- 
missioned as  the  flag  ship  of  Rear-Admiral  W. 
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H.  Fawkes  in  the  cruiser  squadron,  which  will 
also  include  the  King  Alfred^  the  vessels  relieved 
being  the  SL  George  and  the  J^uno, 

Of  the  "  County ''  class  of  ships,  three  more  have 
now  been  launched — the  Donegal^  launched  from 
the  Fairfield  Shipbuilding  Company^s  Yard  on 
September  4th  ;  the  Berwick^  launched  from 
Messrs.  Beardmore  and  Co/s  Yard  on  September 
20th  ;  and  the  Cornwall^  launched  at  Pembroke 
on  October  29th.  Thus  the  Suffolk  and  Cum- 
berland alone  remain  to  complete  the  list  of 
vessels  of  this  class. 

Reference  has  already  been  made  in  these 
notes  to  the  programme  of  Naval  Construction 
of  1901-02,  which  consisted  of  three  battleships, 
six  armoured  cruisers,  two  third  class  cruisers, 
ten  torpedo-boat  destroyers,  five  torpedo-boats, 
two  sloops,  and  five  submarine  boats.  The 
battleships  were  named  the  King  Edward  VIL^ 
now  building  at  Devonport,  the  Dominion,  to 
be  built  at  the  yard  of  Messrs.  Vickers,  Sons,  and 
Maxim,  and  the  Commonwealth,  which  is  being 
built  by  the  Fairfield  Company  on  the  Clyde. 

The  six  armoured  cruisers  in  the  programme 
are  those  already  referred  to  as  of  the  Devon- 
shire class.     The  contracts  for  these    vessels 
have  now  been  given  out.     They  will  carry  a 
rather  heavier  armament  than  the  previous  ships 
of  the  County  type,  and  will  consequently  be  of 
heavier  displacement.      A   novel  feature   is '  a 
result  of    the  recommendation  of  the   Boiler 
Comniittee,  by  which  in  these  ships  the  boilers 
are  partly  of  the  water-tube  and  partly  of  the 
cylindrical  type.      The  Devonshire,  building  in 
Chatham  Dockyard,  and  the  Carnarvon,  building 
by  Messrs.  Beardmore  and  Co.,  will  each   of 
them     have     a     combination     of     four-fifths 
Niclausse     and     one-fifth     cylindrical.      The 
Hampshire,  building  by  the  Elswick  firm,  and 
the  Antrim,  building  by  Messrs.  J.  Brown  and 
Company,  will  have  a  combination  of  four-fifths 
Yarrow,  and  one-fifth  cylindrical  boilers.      The 
Roxburgh,  at  the    yard  of    the   London    and 
Glasgow  Shipbuilding  Company,  will  be  provided 
with  a  combination  of  four-fifths  Diirr  and  one- 
fifth  cylindrical,  while  the  Aigvll,  to  be  built  by 
the  Greenock  Foundry  Company,  will  have  a 
combination  of  four-fifths  Babcock  and  Wilcox, 
and  one-fifth  cylindrical. 

The  two  third-class  cruisers  of  this  pro- 
gramme are  to  be  named  Amethyst  and  Topaze, 
and  the  ten  torpedo-boat  destroyers,  particu  lars 


as  to  the  building  of  which  were  given  last 
month,  are  the  Eden,  Derwent,  Ettrick,  Exe, 
Foyle,  Itchen,  Ribble,  Teviot,  Usk,  and  Erne.  The 
torpedo-boats  numbered  109  to  113  inclusive  are 
building  at  Messrs.  Thomycroft's  yard,  Chis- 
wick.  Of  the  submarine  boats  all  are  finished, 
and  three  have  been  delivered  at  Portsmouth. 
The  programme  for  1902-03,  comprised  two 
battleships,  two  armoured  cruisers,  two  third- 
class  cruisers,  four  scouts,  nine  destroyers,  four 
torpedo-boats,  and  four  submarines.  The  battle- 
ships of  this  programme  will  be  of  the  same 
type  as  the  King  Edward  VII.,  described  above. 
One,  to  be  named  the  New  Zealand,  will  be  built 
at  Portsmouth  on  the  slip  from  which  the 
Suffolk  is  to  be  launched ;  the  second,  to  be 
named  the  Hindustan,  will  be  built  at  the  yard 
of  Messrs.  John  Brown  and  Co. 

The  cruisers  and  scouts  have  not  yet  been 
contracted  for,  but  the  nine  torpedo-boat 
destroyers  are  to  be  built — the  Cherwell  and  Dee, 
by  Messrs.  Palmer ;  the  Kennet,  and  Jed,  by 
Messrs.  Thornycroft ;  the  Wetland,  by  Messrs. 
Yarrow,  the  Waverney,  by  Messrs.  Hawthorn, 
Leslie  and  Co. ;  the  Arun  and  Blackwater,  by 
Messrs.  Laird ;  and  the  Velox,  by  the  Parsons 
Turbine  Company.  The  four  torpedo-boats  are 
to  be  built  by  Messrs.  J.  S.  White  and  Sons,  of 
Cowes. 

FRANCK. 

There  is  nothing  of  importance  to  add  this 
month  to  our  notes  on  battleships,  but  another 
armoured  cruiser  has  been  placed  in  the  water. 
This  vessel  is  of  the  Desaix  class,  of  7,700  tons 
displacement.  The  armament  consists  of  eight 
6'4-in.  guns  in  turrets,  one  forward,  one  aft,  and 
one  on  either  beam,  four  3'9-in.,  ten  i*85-in., 
and  four  i.4S-in.  guns.  She  also  carries  two 
177-in.  torpedo  tubes.  Her  length  is  4205  ft. 
between  the  perpendiculars ;  beam  587  ft. ; 
draught,  23  ft.  The  engines  of,  17,400  h.p., 
supplied  with  twenty  Niclausse  boilers,  are  to  give 
a  speed  of  21  knots.  The  normal  coal  supply  is 
880  tons,  which  can  be  increased  to  1,200  tons. 
Protection  is  given  by  an  armoured  belt  433  in 
thick  at  the  water  line,  and  an  armoured  deck 
below  this,  while  the  space  behind  the  armoured 
belt  is  filled  with  a  water-tight  cellular  structure. 
She  is  sheathed  and  coppered  for  cruising  on 
foreign  stations,  and  her  complement  is  578 
officers  and  men.  The  Dupleix,  the  first  of  the 
class  to  take  the  water,  was  launched  in  1900  at 
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advanced  at  L'Orient  that  she 
has  made  her  preliminary  trials. 
This  vessel  is  fitted  with 
twenty-eight  Niclausse  water- 
tube  boilers,  in  four  groups, 
and  it  is  intended  that  her 
engines  shall  develop  i9o^>o 
i.h.p.,  giving  a  speed  of  21 
knots.  The  third  vessel,  the 
Dupeiil'TliouarSj  was  launched 
at  Toulon  on  July  5th,  1901. 

The  first-class  protected 
cruiser  Chaleaurenaull  has 
been  passed  into  active  service. 
She  was  launched  more  than 
four  years  ago,  and  has  been 
making  her  trials  ever  since. 
It  was  intended  that  she  should 
have  the  speed  of  24  knots, 
and  this  she  actually  attained, 
her  engines  developing  24,300 
i.h.p.  Her  sister  ship,  the 
Guichetty  it  will  be  remembered, 
failed  to  attain  this  speed,  and 
it  is  unlikely  that  the 
Chaleaurenaull  will  repeat  it  on 
active  service.  These  two  so- 
called  commerce  destroyers 
are  only  protected  by  an 
armoured  deck,  and  they  carry 
two  6*4-in.  and  six  5'5-in. 
quick-firing  guns,  on  a  dis- 
placement of  8,018  tons. 


QKRMANY. 


Rochefort,  and  has  been  under  trial  in  active 
service.  The  Dcsaix  was  launched  at  St.  Nazaire 
on  March  21st,  1901 ;  and  the  Klcbervii  Bordeaux 
on  September  20th.  The  latter  will  shortly 
undergo  her  trials. 

Of  the  three  ships  of  a  rather  larger  type, 
mention  has  already  been  made  of  the  MonUalm^ 
of  9,517  tons  displacement.  A  second  ship  of 
this   class,   the   Amiral  dc  Gueydon^   is   so   far 


and 


It  is  officially  announced 
that  the  new  battleships  of  the 
Wiltelsbach  type  are  to  be  ready 
for  their  trials— the  WitUlsbach 
and  Wettin  immediately,  the 
Zahringen  towards  the  end  of 
the  year,  the  Mechlinburg  next 
the  Schwaben   towards  the  end  of 


sprmg, 
1903. 

The  armoured  cruiser  Prinz  Heinrich^  of 
8,870  tons  displacement,  has  successfully  com- 
pleted her  trials,  developing  15,703  i.h.p.,  which 
gave  her  a  mean  speed  of  20  knots.  She  has  also 
made  a  twenty-four  hours*  coal  consumption 
trial,  with  the  following  results  :  The  air  pres- 
sure was  '39  in.,  the  i.h.p.- 10,355,  and  the  coal 
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consumption  i'i93lbs.  per  unit  of  power  per 
hour.  This  vessel  has  three  screws,  driven  by 
three  sets  of  separately  mounted  four-cylinder 
triple-expansion  engines.  She  has  a  coal 
stowage  of  950  tons,  at  ordinary  draught.  The 
armament  consists  of  two  9'5-in.  guns,  each 
in  a  revolving  turret,  one  forward  and  one  aft, 
and  having  an  arc  of  fire  of  270  deg.  ;  ten 
6-in.  guns,  six  in  a  casemate,  three  on  each 
side,  mounted  in  such  a  manner  that  two  can 
fire  right  ahead  and  two  right  astern  ;  the 
others  are  mounted  singly  in  revolving  turrets 
above  the  casemate,  and  of  these  also  two  can 
fire  right  ahead  and  two  right  astern.  The 
remainder  of  the  armament  consists  of  ten 
3'5-in.  quick-firing  and  ten  i*5-in.  machine 
guns,  placed  on  the  upper  deck  and  super- 
structure, and  in  the  fighting  tops.  The  torpedo 
armament  consists  of  four  i8-in.  tubes. 
Armour  protection  is  given  by  a  water-line  belt 
extending  the  whole  length  of  the  ship,  and 


being  4  in.  thick  at  the  water  line.  The  turrets 
have  an  armoured  thickness  of  6  in.,  and  the 
casemates  and  smaller  turrets  of  4  in.  The 
ammunition  shafts  are  also  armoured,  and  the 
protected  deck  is  of  2  in.  thickness,  tapering  to 
1-5  in.  The  complement  consists  of  504  officers 
and  men.  This  vessel  took  part  in  the  naval 
manoeuvres  this  year. 

The  Prinz  Friedeiich  Karl,  the  launch  of 
which  ship  was  referred  to  in  the  August  num- 
ber, is  somewhat  similar  to  the  Prinz  Heinnch^ 
but  differs  in  her  armament  and  is  of  somewhat 
heavier  tonnage,  the  displacement  being  9,050. 
Her  length  is  3937  ft.;  beam,  64*3  ft.;  and 
draught,  203  ft.  The  armament  will  consist  of 
four  8*27-in.  Krupp  guns,  placed  in  pairs  in 
two  turrets,  one  of  these  being  forward,  on  the 
deck  above  the  casemate,  the  other  aft,  on  the 
casemate  deck,  but  not  within  it.  In  the  case- 
mate itself  are  placed  six  S'9-in.  guns,  three 
aside,   the    foremost  pair    being    able   to   fire 
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directly  ahead,  and  the  after  pair  directly  to 
stern.  Above  the  casemate  are  four  more 
5'9-in.  guns,  making  ten  in  all.  These  four  guns 
are  each  in  a  single  turret,  one  at  each  corner, 
and  having  the  same  arc  of  fire  as  the  guns  at 
the  corners  of  the  casemate  below.  As  in  the  Prim 
Heinrich,  the  upper  works  are  thrown  inward, 
so  as  to  permit  of  these  guns  having  bow  and 
stern  fire.  There  are  also  twelve  3'5-in.  quick- 
firing  and  four  i'5-in.  machine  guns,  mounted 
on  the  decks,  bridges  and  tops.  There  are  to  be 
five  submerged  i8-in.  torpedo-tubes,  and  one 
armoured  tube  above  water  at  the  stern.  Like 
the  Prim  Heinrichj  the  Prim  Friederich  Karl  is 
protected  by  a  complete  belt  of  armour.  In  the 
latter  ship,  this  belt  is  7*5 ft.  wide  and  39 in. 
thick  on  the  beam,  and  32  in.  thick  at  the  bow 
and  stern.  Above  this  belt  is  a  shorter  one, 
165  ft.  long,  of  3*9  in.  armour,  and  this  runs  as 
high  as  the  floor  of  the  casemate  which  affords 
protection    to    the    secondary    battery.      The 


armoured  deck  running  behind  the  belt  and 
sloping  to  meet  its  lower  edge  is  2*8  in.  thick  on 
the  slopes,  and  16  in.  on  the  flat.  The  upper 
deck  outside  the  casemate  has  1*2  in.  of  armour, 
and  the  deck  over  the  casemate  1*4  in.  The 
turrets  for  the  heavy  guns  are  protected  by 
S*9-in.  armour ;  the  turrets  for  the  smaller  guns 
and  the  casemate  with  3*9-in.  armour.  The 
loading  tubes  and  ammunition  hoists  are  also 
all  slightly  more  than  3  in.  thick.  In  this 
cruiser  steam  is  supplied  by  fourteen  water-tube 
boilers,  the  engines  are  to  develop  16,000  i.h.p., 
and  the  anticipated  speed  is  21  knots. 

Two  river  gunboats  of  11*5  knots  speed  have 
just  been  completed  at  Hamburg  for  service  in 
Africa,  and  a  third  of  somewhat  different  dimen- 
sions, and  to  have  a  speed  of  13  knots,  is  to  be 
built  in  the  Schichau  Yard  at  Elbing  for  service 
in  China.  We  have  already  referred  to  a 
division  of  six  destroyers  to  be  constructed  at 
Elbing,  and  append  details  of  six  new  boats 
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building  at  the  Germania  Yard.  These  will  be 
215ft.  105  in.  in  length  over  all,  22ft.  beam, 
8  ft.  10  in.  draught,  and  of  350  tons  displace- 
ment. The  armament  will  consist  of  three  guns 
and  three  torpedo-tubes.  These  boats  are 
intended  to  maintain  a  speed  of  26  knots  with 
engines  working,  and  5,000  i.h.p.  They  are 
twin  screwed,  have  two  funnels,  with  the  signal 
masts  abaft  both  of  them,  and  the  bridge  for- 
ward. At  full  draught  they  carry  100  tons  of 
coal,  giving  a  radius  of  action  of  2,000  miles  at 
12  knots,  and  the  complement  consists  of  49 
officers  and  men. 

ITALY. 

The  Italia  Mililare  e  Marina^  in  a  recent  article 
on  the  torpedo-boat  destroyers  of  the  Italian 
Navy,  stated  that  out  of  eight  destroyers  of  the 
first  class  four  have  seen  fourteen  years'  service, 
and  one  thirteen.  Out  of  ninety-four  second 
class  destroyers,  four  only  have  a  displacement 
of  no  tons,  all  the  others  being  of  70  tons, 
while  not  one  can  carry  more  than  17  tons  of 
coal.  Two  are  seven  years  old,  six  are  eight 
years,  while  eleven  date  from  1893.  Twenty 
more  have  been  on  service  since  1892,  one  since 
1890,  forty-five  since  1888,  and  six  since  1887. 
The  remainder  date  from  1886.  Of  all  these 
vessels  only  two  can  be  deemed  serviceable, 
and  those  are  the  seven-year-old  ones.  The 
third-class  destroyers,  of  which  there  are  thirty- 
eight,  date  back  as  far  as  1882,  and  none  are  of 
later  date  than  1888. 

RU88IA. 

Since  1899  Russia  has,  in  a  measure,  recon- 
structed that  portion  of  the  fleet  we  term  pro- 
tected cruisers.  The  Diana  class,  of  6,630  tons, 
consists  of  three  ships,  her  sisters  being  the 
Pallada  and  the  Aurora.  These  vessels  have  a 
speed  on  trial  of  slightly  over  19  knots.  The 
next  class  consists  of  one  vessel  only.  This  is 
the  Viiiaz^  which  was  laid  down  at  Gelemy 
Island,  St.  Petersburg,  on  November  3rd,  1900, 
but  owing  to  a  fire  in  June,  1901,  she  was 
virtually  destroyed,  and  her  construction  had  to 
be  recommenced.  Her  displacement  is  6,375 
tons.  The  engines  are  of  19,500  i.h.p.,  supplied 
with  steam  by  sixteen  Normand  boilers,  and  the 
estimated  speed  is  23  knots.  In  the  next  class 
are  the  Bogalyr  and  Askold,  mentioned  last 
month.  They  are  of  6,500  tons  displacement, 
and  similar    dimensions  to  the  Varyagj  which 


was  built  in  Philadelphia.  Two  similar  vessels 
are  said  to  be  building  at  Wyandua  and  Libau 
respectively,  while  two  others  are  reported  to 
be  about  to  be  put  in  hand  at  the  Nevski  Yard 
at  St.  Petersburg. 

Of  smaller  protected  cruisers  eight  are  reported 
to  be  in  hand.  These  are  the  Alma,  Izumrud^ 
Jemichug^  and  Oleg^  building  at  St.  Petersburg  \ 
the  Boyarin^  launched  at  Copenhagen  on 
June  8th,  1901  ;  the  Novick^  built  at  Dantzic,^ 
and  reported  to  have  attained  a  speed  of 
26  knots  ;  the  Kalgoula^  said  to  have  been  laid 
down  at  Nicolaeff,  and  an  unnamed  ship, 
ordered  from  Messrs.  Schichau,  at  Elbing. 
Another  class,  said  to  be  a  modified  edition  of 
the  Bogalyr  type,  consists  of  the  Kagull,  build- 
ing at  Nicolaeff,  and  the  Oichakoff  at  Sebas- 
tapol.  These  vessels  are  reported  to  have  a 
displacement  of  6,250  tons,  19,500  i.h.p.,  and  an 
intended  speed  of  23  knots.  In  regard  to 
nearly  all  these  cruisers  some  1  uncertainty 
exists. 

8WKDKN. 

The  Acrairtf  coast  defence  vessel,  mentioned 
in  the  August  number,  is  reported  to  have  com- 
pleted her  trials.  This  vessel  is  of  3,700  tons 
displacement,  6,500  i.h.p.,  and  steam  is  supplied 
by  eight  Yarrow  water-tube  boilers.  The  mean 
speed  exceeded  that  anticipated  by  the  contract 
by  six-tenths  of  a  knot,  and  the  horse-power  ob- 
tained also  exceeded  that  which  was  anticipated, 
being  7,500,  giving  a  speed  of  17*26  knots. 
The  coal  consumption  worked  out  at  178  tons 
per  unit  of  power  per  hour.  Messrs.  Yarrow 
and  Co.  have  also  completed  for  the  Swedish 
Government  a  torpedo-boat  destroyer  ordered 
in  November  last  year. 

MKXICO. 

Two  gunboats  for  Mexico  were  launched  at 
Elizabeth  Port,  N.J.,  on  September  13th,  and 
named  the  Tampico  and  El  Cruz.  They  are 
steel  vessels,  201  ft.  6  in.  long,  32  ft.  10  in.  beam, 
10  ft.  draught,  980  tons  displacement,  and 
16  knots  speed.  The  armament  consists  of  four 
4-in.,  and  four  6-pounder  guns  and  one  torpedo- 
tube.  Steam  is  supplied  by  Moshe  water-tube 
boilers,  and  the  coal  capacity  and  ordinary 
draught  is  170  tons.  Fore  and  aft  sail  power 
for  auxiliary  purposes  is  given  on  two  pole 
masts.  The  only  protection  is  that  afforded  by 
the  coal  bunkers. 
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IRON    AND   5TEEL   HANUFACTURE. 

CHARGING   OF    MINERAL    AND    FURNACE    EQUIPMENT. 

BY 

B.    H.    THWAITE,    C.E. 

In  the  three  preceding  articles  the  author  dealt  with  the  choice  of  site,  the  selection  of  ores,  and 
the  most  economic  methods  of  transportation  from  the  mine  to  the  mouth  of  the  furnace. — Ed. 


IV. 


80MK     FURTHKR    AND     OA8UAL     NOTES     ON     THK 
CHARAOTKR   OF   STOCKYARD   ARRANQKMKNTS. 

N  the  present  article  a  further 
reference  may  with  ad- 
vantage be  made  to  the 
stockyard  arrangements.  If 
satisfactory  these  should 
obviously  secure  the  com- 
mand of  an  adequate  and 
continuous  supply  of 
minerals  for  the  furnace,  and  they  should  also 
be  sufficiently  compact  to  require  the  least 
possible  necessity  for  transport.  It  is,  of  course, 
impossible  to  formulate  a  scheme  that  will 
uniformly  satisfy    all   conditions,   as  so    much 


depends  upon  the  topographic  characteristics 
of  the  furnace  site,  and  the  distance  from  the 
main  railway.  The  schemes  will  require  to  be 
further  modified,  if  blast  furnaces  are  directly 
associated  with  open  hearth  steel  furnaces. 

An  entirely  satisfactory  stockyard  and  house 
arrangement  should  include  the  adequate  pro- 
vision of  covered  mineral  bins,  with  associated 
arrangements  for  securing  the  removal  of  some 
part  of  the  sensible  moisture  from  the  minerals 
before  they  are  charged  into  the  furnace. 

Any  blast-furnace  arrangement  designed  to 
secure  the  maximum  of  efficiency  will  include  the 
provision  of  arrangements  to  preserve  the  coke 
and  mineral  from  the  effect  of  wet  weather,  as 


Tlie  previous  articles  were  :  The  choice  of  a  site — The  trend  of  modem  progress — The  choice  of  ores  (four 
m:ips  and  two  diaijrams)  July  ;  The  transpcrtation  of  the  mineral  from  the  mine  to  furnace  stock>'ard  (fourteen 
illustrations)  Augui)t ;  Transportation  of  mineral  from  furnace  stockyard  to  mouth  of  furnace  (thirteen  illustrations 
September. 
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FIG.   2.     THE   NEW  ANGLO-AMERICAN   FURNACE   OF  THE  SHEEPBRIDGE   COAL  AND   IRON   COMPANY,    LTD. 
Showing  ttie  Dust-Catchers,  and  in  the  rear  the  Fwrnace  Inclined  Hoist. 


it  is  well  known  that  coke  will  absorb  or  retain 
a  considerable  percentage  of  its  own  weight  of 
water.  It  may,  however,  be  assumed  that  the 
moisture  included  in  ordinary  coke  and  lime- 
stone will  absorb  theoretically  some  2  per  cent, 
of  the  thermal  assets  contributed  by  the  coke, 
in  effecting  merely  the  evaporation  of  the 
sensible  moisture  carried  into  the  furnace  by 
the  minerals.  Very  probably  in  the  process  of 
practically  effecting  the  evaporative  operation, 
at  least  4  per  cent,  of  the  thermal  assets  are 
absorbed  ;  so  that  in  a  turnace  requiring  500 
tons  of  coke  per  diem,  20  tons  of  coke  is 
absorbed  in  evaporating  the  sensible  moisture ; 
and  a  simple  calculation  will  show  that  the 
capitalised  value  of  this  wasted  thermal  energy 
would  economically  justify  the  provision  of 
roofing  covers  for  the  coke  and  ore  stocks. 

The  American  system  of  employing  double 
stock   bins  is  excellent ;    a  section  of  such  a 


stock  bin  is  shown  on  p.  282.*  In  one  American 
example,  and  typical  of  the  best  practice,  130 
double  deck  stocking  bins  are  provided.  The 
upper  bins  provide  store  rooms  for  the  coke 
and  the  limestone,  and  the  lower  ones  are 
allocated  for  the  reception  and  storage  of  the 
iron  ore.  Each  of  the  bins  has  a  sectional  area 
in  plan  of  256  square  feet,  inclosed  in  sides 
16  ft.  by  16  ft.     The  floors  of  the  bins  slope  at 

•  The  stockyard  arrangements  of  the  Sharon  Iron  Co., 
Ltd.,  U.S.A.,  consist  of  lour  railway  sidings  traversing 
the  stockyard,  two  of  which  are  elevated,  and  run  along- 
side the  open  hearth  steel  furnace  charging  platform.  At 
the  end  of  the  stockhouse  is  located  the  mixing  house, 
equipped  with  ore-breakers  or  pulverising  machinery. 
Alongside  the  stockhouse  there  is  a  machine  shop  con- 
structed of  steel  and  brick,  1 14  ft.  wide  by  132  ft.  long. 
The  machine  shop  is  commanded  by  a  20-ton  electric 
crane,  and  is  equipped  with  a  full  complement  of  modern 
repairing  and  erecting  tools,  such  as  shapers,  boring 
mills,  planers,  etc.  The  blacksmith's  shop  is  a  capacious 
structure,  i()0  ft.  long  by  75  ft.  in  width,  and  has  associated 
with  it  a  carpenter's  shop  equipped  with  modern  wood- 
working tools. 
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FIG.   3.      THE    HOIST  AXD   THE   CHARGIXG   GEAR   OF   THE    NEW  AXGLO-AMERICAX    FURNACE 
OF   THE  SHEEPBRIDGE   COAL  AXD   IROX   COMPAXY,  LTD. 


an  angle  of  45  deg.,  and  are  formed  of  maple 
planks  laid  on  a  backing  of  4  in.  of  oak.*  The 
mineral  freight  cars  run  directly  over  the  two 
decker  or  double  stage  bins,  and  discharge 
their  contents  directly  into  them.  The  dis- 
charge of  the  minerals  is  effected  by  guillo- 
tine or  rotating  discharge  doors,  which  allow 
the  minerals  to  fall  into  a  transport  car  or  into  a 
conveyor  band — a  method  of  electric  transport 
that  has  already  been  described  in  these  columns.t 
For  covering  these  stock  bins,  either  a  roof 
can  be  supplied  or  the  hatchway  openings  can 

•  In  the  a)nstructinu  ot  mineral  stock  bins  it  is  found 
tliiit  it  is  more  economical  t(»  employ  heavy  oak  timber 
than  to  use  steel.  The  bins  are  generally  equipped  with 
double  ilischarjiie  doi»rs. 

t  The  wei^h-britlije  electric  ore  transporting  cars,  after 
receiving  their  nniieral  contents  from  the  stock  bins,  move 
aiound  a  loop,  the  arrangement  of  transport  being  such 


have  sliding  doors  to  prevent  atmospheric  mois- 
ture or  rain  from  entering  the  bins.  The  author 
strongly  urges  the  economic  importance  of  main- 
taining the  coke  and  ore  in  as  dry  a  condition 
as  possible  prior  to  their  removal  to  the  furnace. 

ANQLO  -  AMKRICAN      KXAMPLES      OP      MINCRAL 
■LKVATION    AND    PURNACK    CHARQIMCL 

Although  the  majority  of  British  blast 
furnaces  are  almost  archaic  compared  with  the 
modern  American  furnaces,  still  there  are 
signs  of  a  great  change.  The  rigid  conservatism 
that   has   prompted   the   British   manufacturer 

that  in  one  direction  the  cars  are  receiving  their  charge, 
which  they  deliver  to  the  furnace  elevator  or  hoisting 
skips,  returning  in  sequence  from  an  opposite  direction 
tt)  receive  additional  mineral  from  the  stock  bins.  The 
coke  and  ore  transporter  cars  are  constructed  of  steely 
having  square  cross  sections,  bevelled  bottoms  and  sides» 
and  a  holding  capacity  of  75  cubic  feet. 
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to  cling  to  obsolete  plant,  and  uneconomical 
and  irrational  processes,  is  at  last  breaking 
down,  and  it  is  cheering  to  know  that  the 
breach  thus  made,  is  becoming  wider  day  by 
day. 

Some  of  the  more  progressive  and  receptive 
of  our  manufacturers,  have  weighed  and 
measured  by  their  own  personal  contact  and 
examination  the  pros  and  cons  of  the  modern 
American    practice,   and  they  admit   that   the 


course,  there  are  circumstances  that  absolutely 
compel  the  employment  of  modifications  only,  but 
whenever  possible  the  full  programme  of  all 
the  essentials  of  proved  importance  should  be 
embodied  in  the  design  or  scheme  of  industrial 
reform. 

k  British  firm  which  has  adopted  American 
methods  of  hoisting  and  charging  minerals 
is  the  Sheepbridge  Coal  and  Iron  Company, 
Ltd.      Mr.    Herbert     Pilkington,    M.Inst.C.E.. 


FIG.  4.      THE    ELECTRIC  SUSPENDED  CALCINED   MINERAL  TRANSPORTER — 
SHEEPBRIDGE   COAL  AND   IRON   COMPANY,    LTD. 


changes  from  British  practice  have  been  justified 
by  results,  and  the  Americanisation  of  British 
furnaces  has  commenced. 

The  danger  is  that  British  manufacturers 
will  only  make  tentative  or  incomplete  changes, 
and  we  know  that  a  timid  application  of  a  new 
system  often  proves  a  comparative  failure, 
where  a  more  complete  process  of  reform 
would  have  proved  an  encouraging  success.   Of 


is  responsible  for  the  pioneer  Anglo-American 
furnace  hoisting  and  charging  equipment 
(figs.  2  and  3)  design.  A  reference  to  the  illus- 
trations (figs.  2  and  3)  will  show  that  American 
precedent  has  been  closely  followed.  The 
capacity  of  the  elevating  gear  is  equivalent 
to  the  supply  of  the  furnace  with  all 
the  minerals  necessary  for  the  production 
of    a    weekly    output    of    1,500   tons,   or   214 
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tons  per  diem.  As  the  ratio  of  the 
minerals  is  70  cwts.  to  each  ton  of  pig-iron, 
and  the  equivalent  of  25  cwts.  of  coke  in  addi- 
tion, the  full  hoisting  potential  of  the  new 
Sheepbridge  Coal  and  Iron  Company's  furnace 
is  certainly  a  high  one. 

The  mineral  for  the  new  furnace  is  stocked 
in  a  cupola  calciner.  Electric  transport  cars, 
shown  in  fig.  4,  receive  the  mineral,  and  trans- 
port and  hoist  it  to  the  elevator  skip. 

The  charging  arrangement  is  such  that  the 
mineral  is  dropped  from  the  lip  of  the  main  bell 
in  a  regular  stream,  so  that  the  mineral  is  evenly 
deposited  into  the  furnace. 

The  entire  transporting  and  elevating  gear  is 
electrically  actuated  by  energy  generated  by  the 
author's  blast  furnace  gas-power  system. 

This  is  the  pioneer  English  installation,  in 
which  the  gas  generated  from  the  fuel  in  the 
blast  furnace  is  directly  utilised  for  generating 
dynamic  energy,  to  be  afterwards  electrically 
transformed  to  transport  the  replenishing  fuel 
and  mineral  to  the  mouth  of  the  furnace.  The 
same  gas  power  generates  the  electric  lighting 
energy  as  well.  Great  credit  is  due  to  Mr. 
Pilkington  for  his  pioneering  enterprise,  which 
in  some  respects  has  secured  a  progress  in 
advance  of  American  practice.  The  blast-furnace 
gas-power  electric  generating  station  is  shown 
in  fig.  I. 

Another  British  furnace  which  embodies  in  its 
design  the  American  system  of  internal  mineral 
transport  and  elevation,  is  that  constructed 
by  the  Millom  Iron  Company,  Ltd.  The 
furnace  manager,  Mr.  A.  Sahlin,  reports  that 
he  has  succeeded  in  co-operating  with  his  men 
so  that  the  output  is  not  limited,  and  everybody 
associated  with  the  furnaces  works  for  the  best 
practice  and  for  the  largest  output.  Mr.  Sahlin  has 
been  fortunate  in  being  able  to  obtain  the  same 
free  hand  regarding  labour  as  is  enjoyed  by  the 
American  ironmasters.  He  has  succeeded  in 
satisfying  his  employees  that  the  principle  of 
giving  the  reward  for  merit  where  it  is  justly 
due  is  better  for  their  own  well-being,  and  also 
for  that  of  the  firm,  than  is  the  cast  iron  ("ca 
canny  ")  restriction  of  the  British  trade  unionist 
control.  Mr.  Sahlin  may  have  really  done  some 
service  to  this  country,  and  it  is  quite  possible 
that  the  records  of  the  success  of  the  Millom 
furnaces  will  provide  an  object  lesson  that 
cannot  be  explained  away  by  the  sophistries, 


however  subtle  they  may  be,  of  the  labour 
agitators. 

The  latest  application  of  the  American  mineral 
transporting  systems  applied  to  British  furnaces 
is  that  illustrated  in  fig.  5,  which  represents  the 
Brown  hoisting  and  automatic  stock  distributing 
gear  applied  to  the  new  fumace.of  ihe  Palmer's 
Shipbuilding  Company  at  Jarrow. 

The  following  is  a  brief  description  of  this 
up-to-date  furnace,  hoist,  and  automatic  stock 
distributor.  So  completely  automatic  is  the 
arrangement  that  one  man  in  charge  of  the  hoist 
can  control  its  working.  The  inclined  structure 
is  built  entirely  of  steel.  All  the  bearings  of  the 
rotating  parts  are  of  the  dust-proof  pattern^ 
fitted  with  large  and  easily  accessible  oil  cells. 
The  mineral  distributor  is  heavily  proportioned 
of  cast  iron,  and  rotates  on  a  steel  bearing,, 
having  a  cylindrical  gear  that  is  actuated  by  a 
pinion  mounted  on  a  vertical  shaft,  which,  by 
a  suitable  gearing  and  clutch,  is  connected  with 
the  main  hoisting  machine,  and  this  in  such  a 
way  that  when  the  skip  is  actually  being  hoisted, 
the  clutch  is  inoperative.  When  the  skip  is 
being  lowered,  the  clutch  is  connected  to  and 
turns  the  distributor  around  a  fixed  angle. 

The  proportions  of  the  skip  are  such  that 
four  full  loads  constitute  a  charge.  The  furnace 
bell-charging  cone  is  built  up  of  steel  plates 
made  up  in  sections  bolted  together,  so  that  any 
section  can  be  quickly  dismounted  and  pulled 
away  to  permit  the  bell  to  be  taken  out,  and  to 
facilitate  this  operation  the  cone  sections  are 
provided  with  rollers.  The  cone  is  also  pro- 
vided with  explosion  doors,  and  on  referring  to 
the  figure  it  will  be  noticed  that  the  equipment 
includes  an  overhead  travelling  gear,  which 
permits  the  charging  bell  to  be  changed  in  a 
few  hours. 

The  capacity  of  the  skip  is  120  cubic  feet> 
and  the  hoist  equipment  is  capable  of  handling 
1,300  tons  of  material  per  diem.  The  skip  is 
built  up  of  steel  plates,  eliptical  in  shape, 
and  fitted  with  a  false  steel  plate  lining 
on  the  inside,  so  arranged  as  to  be  easily 
renewable. 

HOI8TINQ    KNOINE. 

This  is  of  the  non-reversible  type,  double 
cylinder,  12  in.  in  diameter,  with  15  in.  stroke,, 
and  is  equipped  with  hand  friction  brake  and 
powerful  friction  clutch. 
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FIG.    5.       BROWX    HOISTING    GEAR    APPLIED    TO    THE     NEW    FURNACE    OF    THE    PALMER'S    SHIPBUILDING 

AND   IRON   COMPANY,   LTD.,  AT  JARROW-ON-TYNE. 
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TCSTINQ  THB  HBIQHT  OF  THK  PURNAOK  BURDKN, 
OR  8TOCK. 

To  enable  the  hoist  operator  to  ascertain  at 
any  time  the  exact  height  of  the  burden  of  the 
furnace  for  the  purpose  of  preventing  under  or 
over-charging,  four  rods  are  let  into  the  top  of 
the  furnace  (as  shown  in  fig.  5)  through  suit- 
able openings,  and  the  rods  are  connected  with 
dials  located  in  the  hoist  operating  house,  so 
that  as  the  rods  are  lowered  into  the  furnace 
they  visually  indicate  the  exact  height  of  the 
stock. 

Another  indicator  located  in  the  operating 
house  consists  of  a  graded  dial  connected  to 
the  bell  by  a  light  wire  rope  ;  its  gearing  is  such 
that  a  drop  of  i  in.  of  the  bell  corresponds 
to  a  3-in-  pointer  deviation  on  the  dial.  There 
is  also  an  automatic  indicator  for  signalling 
the  number  of  skips  for  each  charge,  the  latter 
being  operated  by  the  hoisting  drum.  The" 
dials  of  all  the  indicators  are  prominently 
located  in  the  operating  house  well  within  the 
view  of  the  hoisting  engineer. 

THB  RKMARKABLK  OUTPUT  CAPACITY  OP   MODBRN 
AMBRICAN    BLAST  'PURNACB3.* 

it  would  probably  be  difficult  to  find  a  more 
striking  illustration  of  the  effect  of  the  modem 
and  revolutionary  changes  effected  in  industrial 
procedure  and  apparatus,  than  that  furnished 
by  the  remarkable  records  of  Ihe  modern 
American  type  of  blast  furnaces. 

Instead  of  a  daily  output  of  90  to  100  tons,  the 
record  of  an  ordinary  British  blast  furnace,  we 
have  sustained  records  oi  modern  America^ 
blast  furnaces  attaining  an  output  of  500  to  750 
tons  per  diem,  with  less  than  50  per  cent. 
increase  on  a  furnace  of  normal  capacity  in 
British  practice.  This  phenomenal  increase 
in  output,  compared  with  the  comparatively 
small  increase  in  plant,  has  of  course  secured 
a  considerable  economy  in  coke  expenditure 
and  in  the  general  working  costs  of  the  furnace, 
per  ton  of  output. 

AMBRICAN    BLAST    PURNACB    RBCORDS. 

In  these  articles  the  author  has  no  intention 
of  discussing  the  various  qualities  or  the 
chemical  or  metalliferous  characteristics  of  the 
minerals  fed  into  the  furnaces,  as  there  is  abun- 
dant evidence  in  existence  to  show  that 
American  furnaces  of  identical  capacity,  using 


ores  of  similar  metallic  value,  yield  almost 
identical  outputs.  American  furnaces,  with 
blast  pressure  and  blast  temperature  similar 
to  those  found  in  certain  EngHsh  furnaces, 
when  supplied  with  iron  ores  having  nearly 
equal  metallic  contents,  have  produced  similar 
quantities  of  pig-iron  of  practically  the  same 
quality,  so  that  the  comparative  characteristics 
of  the  mineral,  or  raw  materials,  whether  in 
the  United  States  or  the  United  Kingdom,  do 
not  necessarily  enter  into  the  equation  that 
explains  the  American  blast-furnace  record 
output. 

For  facihty  of  comparison,  let  us  tabulate  the 
characteristics  of  (i)  an  •  ordinary  British  blast 
furnace;  (2)  a  more  modern  British  blast 
furnace  ;  (3)  an  ordinary  American  pattern ;  and 
(4)  aa  up-to-date  type  of  American  furnace. 


structural 

BriUsh. 

American. 

and 

No.  I.         No.  2, 

No  3. 

No.  4. 

Working  Characteristics. 

Ordinary.    Modern. 

Old. 

Modern. 

Internal    capacity     of 

furnace  in  cubic  feet 

10,012 

18,495 

14,600 

26,500 

Total  height  of  furnace 

! 

in  feet 

60 

85 

75 

'         106 

Diameter   of  bosh    in 

( 

feet 

18-5 

20 

20 

23 

Diameter  of  hearth  in 

feet 

10 

II 

11 

15 

Pressure  in  lbs.  of  air 

blast 

5 

7 

5 

15 

Temp,    of   air     blast, 

Fah 

1,100^     1,100^ 

1,100^ 

1,100*" 

Cubic  feet  of  air  blasl 

1 

per  minute  . . 

10,012     17,263 

16,000 

50,000 

Out-put  of  iron  in  tons 

per  24  hours 

95  1       206 

200 

570 

Weight  in  lbs.  of  coke 

1 

' 

consumed  per  ton  of 

1 

iron  produced 

2,350  ,    2,206 

1,912 

1,780 

Output  of  iron  per  sq. 

foot  of  tosh  area  in 

tons   . . 

0354      0-656 

0  6;,6 

"^n 

Output  of  iron  per  sq. 

foot  of  hearth  area  in 

1  . 

tons   ..         ..    •    .. 

1-20  ;    2- 168 

210 

323 

Ratio  of  bosh  diameter 

1 

to  height      . . 

I  :3-24  |I  :4  25 

! 

I  :  325 

I  :4'6o 

From  an  examination  of  the  tabulated  data, 
the  coincidence  of  the  increased  output  of  iron 
with  increase  of  volume  or  weight  of  air  sup- 
plied to  the  furnace  is  at  once  apparent — 
in  fact,  it  will  be  realised  that  if  the  out-put 
of  the  British  furnace  No.  2  is  multiplied 
by  the  volume  of  air  employed  for  the 
American  high  record  furnace  No.  4,  and  vice 
versa,  the  difference  between  the  results  is 
practically   unappreciable  ;    showing    that   the 
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master  factor  explaining  the  difference  in  the 
output  of  the  two  furnaces  is  the  variation  in 
the  supply  of  air.  The  weight  of  the  air 
actually  fed  to  any  blast-furnace  is,  of  course, 
that  equivalent  to  the  displacement  caused  by 
the  piston  in  its  indrawing  stroke  in  the  blowing 
tub.  The  air  pressures  established,  and  shown 
on  the  engine-house  mercury  gauge,  simply 
represent  the  aggregate  of  the  effect  of 
frictional  resistance  to  the  flow  of  the  air  in  the 
air  mains,  recuperator  hot  blast  stoves,  and 
especially  by  the  burden  in  the  furnace  itself. 
The  author  strongly  recommends  the  employ- 
ment of  a  pressure  gauge  on  the  horse-shoe 
mains  of  each  furnace,  if  not  at  each  one  of  the 
tuyeres. 

The  actual  weight  of  air  corresponding  to 
the  different  volumes  at  atmospheric  pressure 
and  at  60  dtg.  F.,  or  that  of  the  air  drawn 
into  the  blowing-tub,  is  for  the  different  volumes 
as  follows  : — 


I. 

2. 

3- 

4. 

Volume  of  air  per 

minute,  cubic  feet 

10,012 

17,263 

16,000 

50,000 

Weight  of  air  per 

minute,  lbs. 

754 

1,317 

1,225 

3,815 

Iron,    output    per 

diem,  tons 

95 

206 

200 

570 

Weight  of    air  in 

lbs.  per  minute, 

per  ton   of   iron 

produced    per 

diem      

8 

6-4 

6-2 

67 

Of  course  the  pressure  estabUshed  on  the  air 
in  the  hearth  of  the  furnace,  even  if  it  is 
within  2  lbs.  of  the  maximum  pressure  shown 
on  the  gauge  in  the  blowing  engine  -  house, 
means  that  the  density  of  the  air  must  be  greatly 
increased,  and  this  means,  in  other  words,  a 
greater  weight  of  oxygen  contained  in  a  given 
volume  of  furnace  hearth  space,  and  the  com- 
bustion energy  is  pro  tanto  increased. 

The  pressure  established  at  the  furnace  hearth 
is  of  course  the  degree  determined  by  the  resis- 
tance of  the  burden  to  the  flow  of  the  air.  .The 
diagram  shown  in  fig.  6  demonstrates  the  effect 
of  the  increase  of  weight  of  air  introduced  into 
the  furnace  hearth  in  a  given  time. 

The  comparative  increase  of  heat  intensity  is 
the  measure  of  the  vertical  ordinates  from  the 
datum  line  to  the  point  of  intersection  of  the 


line  corresponding  to  the  volume,  and,  where  it 
is  crossed  by  the  line  drawn  diagonally  across 
the  diagram.  (N.B.)  These  units  are  merely 
those  employed  for  graphic  comparison. 

Now  take  the  equivalent  unit  of  intersection 
corresponding  to  a  volume  of  28,000,  and  a 
pressure  of  8  lbs.,  whereas  the  intensity  that 
might  be  numerically  expected  to  follow  the 
doubling  of  the  pressure  and  volume  would  be 
8,  it  is  actually  10,  showing  that  the  increased 
pressure  has  raised  the  intensity  by  25  per 
cent. 


HIQH   PRC88URK   PURNACK8-THK   ADVANTAQBS   OP 
HIGH    AIR    BLAST    PRBS8URK. 

The  diagrams  given  show  clearly  that  the 
high  air  blast  pressure  (and  weight  of  air 
equivalent)  is  the  master  cause  of  the  splendid 
output  records  associated  with  modern  American 
furnaces.  The  explanation  is  not  difficult  to 
find — it  is  the  one  common  to  all  thermal 
operations,  i,e.^  the  economy  due  to  intensifi- 
cation of  thermo-chemical  operations.  Whether 
the  application  is  for  the  production  of  light  or 
heat,  the  economy  of  concentration  or  high 
intensity  is  equally  marked. 

Given  any  cubic  space  in  which  it  is  proposed 
to  establish  a  degree  of  heat  intensity,  it  must 
be  obvious  that  the  heat  will  be  a  direct 
function  of  the  weight  of  combustible  actually 
burnt  in  a  given  time.  The  enclosing  wall 
surface  will  be  the  same,  whether  one  ton  or 
five  tons  of  carbon  is  oxidised  in  a  unit  of 
time,  and  the  degree  of  heat  energy  generated 
will  entirely  depend  upon  the  weight  of  air 
introduced  in  the  unit  of  time,  assuming  of 
course  that  the  carbon,  say  coke,  is  supplied 
in  the  equivalent  proportion  to  the  weight  of 
air.  The  author  here  begs  to  suggest  that  the 
term  *'  pressure  and  volume  of  air  per  minute  ** 
should  be  discarded, ,  and  that  of  *' weight  of 
air  "  should  always  be  ^used.  The  character  of 
the  misconception  amojagst  many  blast  furnace 
managers,  due  to  the  employment  of  the  former 
term,  will  be  understood  vvhen  it  is  known  that 
in  order  to  secure  a  higher^  air-blast  pressure  at 
the  tuyeres,  the  latter  havfe  been  deliberately 
reduced  in  their  diameter,  (thus  increasing  the 
frictional  resistance.  As  tl^is  has  been  done 
without  increasing  the  piston  speed  of  the 
engine  or  the  number  of  the  iuyeres,  the  chan^ 
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FIG.  6.  DIAGRAM  SHOWING  THE  CONXENTRATION  OF  HEAT  DUE 
TO  AN  INCREASE  OF  PRESSURE  (AND  VOLUME;  OF  AIR  IN 
BLAST-FURNACES. 

has  produced  no  benefit,  but  oil  the  contraiy  an 
adverse  effect,  due  to  the  air  leakage  caused  b\' 
the  increased  pressure,  and  also  to  additional 
work  being  thrown  back  on  the  blowing  tub 
piston.  Of  course,  the  result  o£  this  reduction 
of  the  tuyeres  has  reduced  the  output,  much  to 
the  surprise  o£  those  responsible  for  the  re- 
duction of  the  tuyere  diameter. 

THB   COST   INVOLVKD   IN    THK    INCRCA8KD  WKIQHT 
OP   AIR. 

It  has  been  conclusively  proved  that 
master  factor  in  the  equation  of  blast 
furnace  efficiency  is  the  intensification 
of  combustion  energy  in  the  furnace 
hearth  and  bosh,  which  means  the 
supply  of  an  increased  weight  of  air 
and  fuel  in  a  given  time. 


Now,  this  increased 
weight  of  air  involves,  as 
an  obvious  consequence, 
the  establishment  of  an  in- 
creased air-pressure  by  the 
blowing  engine  piston,  be- 
cause it  must  be  clear  to 
the  reader  that  if  twice  the 
weight  of  air  is  forced  in 
a  given  time  through  the 
interstices  of  the  more  or 
less  porous  burden  of  a 
furnace,  then  the  resistance 
to  the  passage  of  the  air 
through  the  burden  must  be 
augmented  fro  tanto.  Now 
this  increase  of  resistance 
involves  a  greater  expendi- 
ture of  dynamic  energy,  but, 
as  the  author  has  already 
demonstrated  in  other 
papers,  there  is  in  the  waste 
effluent  gases  flowing  from 
the  British  furnaces  a 
dynamic  -  power-  producing 
potential  far  in  excess  of 
that  necessary  to  secure  the 
weight  of  air  that  can  ever 
be  demanded  by  a  furnace 
under  any  possible  con- 
ditions of  economic  and 
high  capacity  working. 


FIG.  7.  GRAPHIC  DIAGRAM  SHOWING  COMPARATIVE  DEGREES 
OF  CALORIFIC  INTENSITY,  DUE  TO  VARYING  AIR  BLAST 
DENSITIES  EQUIVALENT'  TO  THE  DIFFERENT  PRESSURES 
PER  SQUARE   INCH    INDICATED. 
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FIG.  8.  GRAPHIC  DIAGRAM  SHOWING  THAT  THE  DECREASE  IN  THE 
CONSUMPTION  OF  COKE  HAS  FOLLOWED  THE  INCREASE  IN  THE 
PRODUCTION   OF    PIG-IRON   PER   DIEM. 


Of  course,  all  steps  towards  an  economic 
ideal  should  be  taken  cautiously  (and  this  does 
not  necessarily  mean  slowly),  because  it  can  be 
easily    conceived     that    the    variation    in    the 


character  of  a  '  blast  furnace 
burden,  made  up  of  special 
mixtures  of  ores  determined 
by  local  conditions,  and  struc- 
tural character  of  coke,  will 
often  require  some  special 
modification  to  secure  the 
economic  and  output  efficiency 
results  desired. 

The  author  is  of  opinion, 
however,  that  if  the  coke  is 
structurally  hard  2Lnd  firm,  the 
charging  arrangements  satis- 
factory, and  the  number  of 
tuyeres  sufficiently  augmented, 
nothin>^  but  progress  towards 
economy  of  output  can  follow 
the  increased  supply  of  air, 
and  thus  bring  the  British 
furnaces  into  line  with  the 
up-to-date  American  ones. 

STATIC     STRUCTURAL    CHANORS. 

In  providing  an  additional 
weight  of  air  for  existing 
furnaces,  it  must  not  be  over- 
looked that  the  shells,  or 
casings,  of  the  hot  blast  stoves 
and  gas  mains  should  be 
adequately  strengthened.  In 
the  new  furnaces,  the  static 
structural  features  represent 
a  great  improvement  upon 
those  of  the  old  type.  Lattice 
work,  and  built-up  steel  girder 
columns  for  supporting  the 
mantels  have  now  replaced 
the  old  and  clumsy  cast-iron 
columns  and  mantels,  thus 
giving  more  clearance  around 
the  hearth.  In  Germany,  the 
more  elaborate,  if  not  fantastic 
designs,  include  light  lattice 
columns,  supporting  platforms 
at  various  altitudes  of  the 
furnace  shell.  Probably  a  cir- 
cular or  ring  form  of  platforna, 
embracing  the  furnace  shell, 
might  with  advantage  be  provided.  If  this  plat- 
form were  suspended  and  counterbalanced,  and 
guided  by  vertical  steel  ropes  in  tension,  it 
might  also  be  raised  and  lowered  for  the  purposes 
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FIG.  9.      THE   PHYSICAL   PROPORTION'S   OF   AMERICAN'   AND    BRITISH 
FURNACES  COMPARED. 


The  output  of  pig-iron  per  diem  i)f  24  hours.      In  furnace  marked  A 
That  o.  B 


570  tons. 
200    .. 
C  ..  ..  ..  ..  206    ,. 

D  ..  ..  ..  ..  ..  .  ..  95         M 

A  is  the  Up-to-date  American  Furnace.         C  is  the  Bcs»t  Type  British  Furnace. 
B      ,.       Old  Type  „  ,.  D      „      Old  Type 


of    renovation,   construction,  and    repair^,  and 
examination  of  the  furnace  and  its  shell. 

■QUAL  DISTRIBUTION  OF  THK  AIR  TO  THB  HBARTH 
ZONK. 

With  the  increased  weight  of  air  supplied  to 
a  furnace  hearth  per  minute  the  importance  of 
a  more  complete  distribution  of  the  air  ejection 
round  the  circle  constituting  the  side  wall  of 
the  hearth  becomes  apparent.  Whilst  the 
normal  pressures  of  the  British  furnace  meant 
only  the  introduction  of  some  300  cubic  feet  of 
^ir  a  minute  per  linear  foot  of  hearth  wall,  the 
modern  American  hearth  wall  has  distributed 
through  it  some  1,447  cubic  feet  of  air  a 
minute  per  linear  foot  of  heartt  enclosing  wall. 

To  maintain  the  normal  number  of  tuyeres 
common  to  the  old  type  of  furnace  hearth  with 


such  an  enormous  air  addition  is  clearly  im- 
possible, and  consequently  one  finds  that  the 
number  of  tuyeres  in  modern  American  prac 
tice  has  been  augmented,  so  that  now  a  tuyere 
is  placed  in  every  three  linear  feet  of  hearth 
wall  circumference,  instead  of  (as  in  the  normal 
British  practice)  i  tuyere  in  every  5  or  6  ft* 

*  The  author  considers  that  even  the  modern  American 
practice  in  distributing  the  air  to  the  hearth  zone  is  not 
satisfactory.  He  would  develop  the  multiple  tier  system 
of  applying  the  tuyeres,  and  instead  of  two  tiers  or  rings 
of  tuyeres  he  would  employ  three,  alternating  the  posi- 
tion of  the  tuyeres,  so  that  no  tuyere  has  another  directly 
beneath  it.  In  this  manner  an  almost  perfect  air  dis- 
tribution around  the  hearth  zone  would  be  obtained.  Of , 
course,  the  number  of  tuyeres  and  their  disposition  would 
be  decided  with  proper  regard  to  the  structural  require- 
ments of  the  heiarth  jacket  casing.  By  the  arrangement 
suggested,  an  approach  to  the  ideal  distribution  of  air,  by 
an  annular  aperture,  would  be  realised. 
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Any  attempt  to  increase  the  weight  of  air 
supply  to  existing  British  blast  furnaces  must 
include  a  new  scheme  of  distribution  of  the 
air  around  the  hearth.  The  employment  of  a 
greatly  increased  weight  of  air  with  the  existing 
number  of  tuyeres  would  certainly  be  fatal  to 
complete  success. 

PUKL     OR     COKK     KXPKNDITURK     PER       UNIT      OF 
IRON    PRODUCTION. 

The  effect  of  rapidity  of  combustion  in 
reducing  the  loss  of  heat  by  side  wall  radia- 
tion is  very  marked.  We  know  that,  owing  to 
the  increased  weight  of  air  employed,  the 
salient  characteristic  of  the  modem  American 
furnace,  the  pig-iron  output  has  l)een  immensely 
augmented.  Although  the  internal  capacity  of 
this  furnace  per  se  is  only  some  50  per  cent, 
greater  than  that  of  the  old  type  of  British 
furnace,  yet  Ihe  output  of  the  furnace  has  been 
augmented  in  the  ratio  of  6  to  i. 

Another  very  important  economy  that 
American  practice  has  secured,  and  one  that 
the  British  people  should  appreciate,  is  a 
reduction  in  the  expenditure  of  coke  necessary 
to  produce  a  given  reducing  and  melting  effect  in 
the  blast  furnace,  a  result  due  to  the  increased 
calorific  intensity  and  rapid  reducing  operations 
of  modern  American  practice.  (See  graphic 
diagram,  fig.  8.) 

In  the  ordinary  type  of  British  furnace,  an 
expenditure  of  2,350  lbs.  of  high  quality  coke 
is  required  to  reduce  high  quality  ore,  and  to 
melt  the  product.  In  the  American  high 
capacity  furnace  this  object  is  attained  by  an 
expenditure  of  1,780  lbs.  of  coke,  equivalent  to 
a  fuel  saving  of  no  less  than  23*3  per  cent. 
Even  if  this  percentage  of  economy  is  reduced 
by  5  per  cent,  to  allow  for  a  possible  higher 
metallic  content  in  American  ores,  there 
is  still  an  economy  of  193  per  cent,  in  the 
expenditure  of  coke.  Now,  to  thoroughly 
understand  the  potential  value  of  such  an 
economy,  let  us  apply  the  measure  of  it  to  the 
British  yearly  output  for  1900,  which  equalled 
9,300,000  tons.  We  will  estimate  the  expendi- 
ture of  coke  to  be  the  average  expenditure  in 
British  furnaces  and  to  be  equivalent  to  2,350 
lbs.  per  ton  of  output,  because,  although  the 
fuel  consumption  in  many  British  furnaces  is 
far  higher  than  this,  the  mineral  used  in  these 
furnaces  has  a  far  lower  content  of  metallic  iron. 


1,883,043  tons. 


Now  the  British  output  for  the  year  1900 
equalled  some  9,300,000  tons  of  pig-iron. 
Therefore,  the  exf)enditure  in  coke  is 
9,300.000  X  2,350  X  193 
2,240  X  100 
If  we  take  this  coke  as  having  a  value  of  15s. 
f)er  ton,  the  gross  annual  saving  will  be 
;^ 1 41 2,282,  which  is  equivalent  to  the  payment 
of  10  per  cent  on  a  capital  outlay  of  over  14 
millions  sterling— an  amount  that  could  certainly 
be  justifiably  expended  in  securing  the  19*3  per 
cent,  economy  in  the  expenditure  of  coke  per 
ton  of  pig-iron.  No  wonder  that  American 
ironmasters  have  become  rich  beyond  the  con- 
ceptions of  a  Croesus. 

The  author  is  satisfied  that  even  the  reniark- 
ably  low  consumption  of  coke — the  greatest 
tribute  to  the  value  of  American  practice — can 
be  surpassed.  There  is  still  ample  margin 
between  the  theoretic  possible  and  the  already 
attainable. 

THK    TUYBRKA. 

Reference  has  already  been  made  to  the 
importance  of  supplying  an  adequate  number  of 
tuyeres  for  the  even  distribution  of  air  to  the 
hearth,  and  to  the  necessity  for  maintaining  the 
efficiency  of  the  tuyere  as  the  means  of  its 
distribution. 

The  author  considers  that  irregularities  in 
furnace  working,  due  to  the  inherent  inefficiency 
of  the  tuyere  system,  have  never  been  sufficiently 
appreciated.  With  the  increased  air-blast  pres- 
sure, constituting  the  most  conspicuous  feature 
of  modern  American  practice,  the  efficient  main- 
tenance of  the  tuyeres  has  become  more  and 
more  difficult.  There  is,  in  the  first  instance,  a 
heavier  flow  of  air  per  unit  of  time,  and  a  pro 
rata  movement  through  the  tuyere  of  a  greater 
number  of  thermal  or  heat  units ;  and,  in 
addition,  the  intensity  of  combustion  near  the 
nose  of  the  tuyere  is  far  higher. 

Consequently,' it  has  been  found  in  American 
practice,  that  to  secure  the  rapid  removal  of 
the  heat,  which  might  endanger  the  life  of  the 
tuyere,  copper — the  metal  par  excellence — having 
the  highest  heat  conductivity,  is  the  most  reliable 
one  for  tuyere  construction. 

THK    VACUUM    8Y8TKM    OP     OOOLINQ     A    TUYRRC 

When  a  tuyere  is  burnt  through,  the  aspi- 
ratory  effect  due  to  the  flow  of  air  involves 
as  an   incidental  effect  the  aspiration  of  the 
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FIG.    lO.      ILLUSTRATION   OF  AX   ARRANGEMENT  FOR  WORKING  THE    FOSTER   TUYERE  SYSTEM 

WITH   SIPHON   PIPE. 

The  vacuum  is  established  by  me.uis  of  a  pump,  and  the  vacuum  may  be  maintained  after  the  pump  is  stopped  by  opening  the  valve  J,  and 

closing  valves  Q  and  M.     Reference  to  Figures  : — 
A  represents  the  Vacuum  Pump.  D  represents  the  Water  Service  Pipe.  Q  represents  the  Inlet  Valve. 

B         „  „    Suction  Pipe.  ■  „  „     Tuyere  Water  Tanks.  H  „  ,.    Outlet  Valve. 

C         „  „     Delivery  Pipe.  F  „  „     Main  Vacuum  Seal.  J  „  ,.    Bypass  Valve. 


circulating  water  through  the  leak  and  its 
immediate  ejection  by  the  air  into  the  fur- 
nace hearth.  This  results  in  the  dissocia- 
tion of  the  water,  and  with  it  a  considerable 
absorption  of  the  heat  energy  of  combustion, 
and  also  the  possible  oxidation  of  the  iron  to 
Fes  O4E— effects  that  should,  of  course,  be 
avoided. 

An  ingenious  and  very  promising  attempt  to 
overcome  the  defects  of  the  pressure  tuyere 
system  has  been  made  by  Mr.  Foster.  Instead 
of  relying  upon  positive  or  pressure  agencies,  to 
force  the  circulating  water  through  the  tuyeres, 


Mr.  Foster  relies  either  entirely  on  aspiratory 
energy,  or  partly  on  pressure  and  partly  on 
aspiration,  to  produce  such  a  culminating  effect, 
that,  in  the  event  of  an  orifice  being  produced 
in  the  shell  of  the  tuyere,  owing  to  imperfect 
circulation,  there  is  little  or  no  tendency  for  the 
water  to  be  sucked  into  the  funiace. 

The  general  arrangement  of  the  application 
of  Mr.  Foster's  tuyere  is  shown  in  fig.  i  o ;  a 
photo  of  an  actual  installation  of  the  tuyere  in  a 
furnace  at  Darlaston  is  shown  in  fig.  11. 

The  vacuum  tuyere  system  further  provides  an 
automatic  associate  that  indicates  both  visually 
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and  orally  when  the  tuyere  commences  to  go 
wrong,  and  in  time  to  enable  the  labour  staff  to 
reduce  the  degree  of  the  disturbance  of  the 
working  of  the  furnace.  This  automatic  system,  as 
designed  by  the  author,  consists  in  the  provision 
for  each  tuyere  of  a  mercury  gauge,  equipped 
with  the  platinum  terminals  of  an  electric 
circuit.  When  the  aspiration  in  the  water- 
supply  main  falls  off  through  a  leakage  in  the 
tuyere,  the  mercury  in  the  gauge  couples  the 
terminals,  causing  a  bell,  gong,  or  steam  whistle 
to  sound,  while  a  semaphore  simultaneously 
indicates  the  number  of  the  leaky  tuyere.  The 
water  supply  to  this  tuyere  is  immediately  cut 
off,  and  the  defective  tuyere  is  at  once  replaced 
by  a  sound  one.     (See  fig.  12.) 

All  well-equipped  works  are  provided  with 
some  form  of  water  cooler  to  reduce  the  loss  by 
evaporation  of  thie  water  used  in  the  furnace 
cooling  operations. 


THK    UNE8    OP 


iACB. 


The  intensification  of  the  energy  of  combus- 
tion, with  its  sequence  of  more  rapid  reduction 
of  the  iron  ore,  has  commensurately  increased 
the  speed  of  the  descent  of  the  mineral,  and 
this  accelerated  movement  has  necessarily 
evolved  some  considerable  variation  in  the  form 
of  the  vertical  cross  section  of  the  furnace.  The 
measure  of  the  variation  from  the  old  design 
will  be  readily  understood  on  referring  to 
fig.  9.      In    the    diagrams    half    sections  are 
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shown  of  a  modern  American  furnace,  A,  of 
of  570  tons  daily  capacity,  with  other  furnaces, 
B,  C,  and  D,  the  daily  capacities  of  which  arc 
given  in  the  illustration. 

It  will  be  seen  that  the  vertical  angle  of  incli- 
nation of  the  bosh-lines  varies  from  78  deg.  to 
75  <leg.  and  76  deg.  measured  from  the  horizontal 
line. 

It  will  be  also  noticed  that  the  difference 
between  the  ratio  of  the  height  of  the  bosh, 
measured  from  the  hearth  line  to  the  head  of  the 
widening  slope,  to  the  height  of  the  furnace, 
of  the  new  and  old  types  of  furnaces,  is 
considerable.  In  the  new  furnaces  it  is  about 
one-sixth  of  the  height ;  in  the  early  American, 
one-third ;  in  comparatively  modern  British, 
one-fourth  ;  in  early  British  furnaces,  it  was 
one-third. 

As  the  descent  of  the  minerals  in  the  new 
American  type  of  furnace,  with  a  daily  output 
capacity  of  570  tons  per  diem,  is  equivalent  to 
the  fall  of  1,710  tons  of  mineral  106  ft.  in  twenty- 
hours  or  4*42  ft.  in  one  hour,  it  will  easily  be 
understood  that  the  wear  of  the  furnace  lining 
is  much  more  severe  than  it  is  in  the  older  type 
of  British  blast  furnaces  where  the  descent  is 
very  sluggish.  For  instance,  in  a  typical  old 
style  furnace  of  95  tons  daily  capacity,  285  tons 
of  mineral  will  fall  2.5  feet  in  one  hour,  so  that 
the  comparison  in  the  rate  of  descent  between 
the  two  furnaces  is  as  follows  : — (1710x442)  : 
(285  X  2  5)  =  7585  :  712  -  or  roughly  the  energy  of 
descent  is  ten  times  greater  in  the  new  American 
type  than  it  is  in  the  old  type  of  British  fur- 
naces. This  descending  movement  is  enclosed 
within  a  lining  wall  circle  of  nearly  the  same 
linear  dimensions,  therefore  it  might  naturally  be 
expected  that  the  bosh  and  hearth  lining  of  the 
new  furnaces  would  be  rapidly  worn  away  by 
abrasion  or  attrition  of  the  minerals  in  contact 
with  lining  surfaces  at  high  temperatures. 

The  American  constructors,  with  character- 
istic boldness,  have  faced  this  difficulty  by  the 
application  of  a  furnace-lining  cooling  system 
that  has  most  conclusively  established  its 
efhcacy — a  quarter  of  a  million  tons  of  pig-iron 
have  l>een  run  from  the  same  furnace  (equivalent 
to  the  descent  of  at  least  one  million  tons  of 
mincrais^  without  involving  more  than  one 
rf  lining  0|>eration. 

The  following  is  a  specification  of  the  main 
features  of   the   American  svstem  of   furnace 
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structure  cooling  :  The  bosh  lines  are  main- 
tained sufficiently  cool  by  the  employment  of 
ten  rings  of  bronze  coolers.  Cast  iron  coolers 
are  located  above  the  upper  bronze  rings.  Two 
bronze  coolers' are  also  installed  below  the 
tuyeres.  (See  illustration  on  page  382, 
September  number.)  It  is  also  even  suggested 
that  the  throat  of  the  furnace  should  be  watcr- 
jacketted. 

In  one  typical  American  blast-furnace  installa* 
tion  seven  millions  of  gallons  of  cooling  water 
can  be  circulated  through  the  lining  coolers  and 
tuyeres  in  twenty-four  hours.  In  order  to 
establish  a  continuous  head  of  water  to  maintain 
positive  circulation,  the  water  is  initially  de- 
livered to  a  standpipe  150  ft.  in  height,  with  an 
internal  diameter  of  12  ft.  Auxiliary  pumps  of 
a  simple  plunger  type  are  provided  as  stand- 
byes.  A  positive  pressure  of  water  equal  to 
25  lbs.  applied  to  the  cooling  system  below  the 
mantels  is  maintained.  The  cooling  system 
above  the  mantel  is  merely  fed  by  gravity 
flow. 

The  hearth  linings  are  externally  encased 
with  steel  castings,  over  which  sprays  of  water 
are  constantly  flowing ;  *  and  in  addition,  the 
casing  carries  a  coil  of  pipes,  through  which 
water  is  rapidly  circulated. 

All  the  small  water  connections  are  equipped 
with  ball  and  socket  unions  of  the  best  quality. 
It  is  false  economy  to  provide  water  fittings  of 
inferior  character,  although  this  is  not  an  un- 
common feature  in  some  furnace  equipments. 


TMB    MAINTBNAMOK    OP    INNBR 
PURNACK    LININQ. 


•URPAOK  or 


It  is  well  known  that  if  a  furnace  works  well — 

•  The  following  are  some  of  the  structural  character- 
istics of  a  modern  furnace  lining :  Light  cast  iron  or 
steel  rings  are  fixed  on  the  upper  level  of  the  furnace 
to  protect  the  stock  lining  inside  surface  walls  from  the 
effect  of  violent  impact  of  falling  minerals.  In  addition, 
the  stock  lines  are  protected  with  several  rings  of  cast 
iron  segments.  The  mantels  supporting  stock  lining 
are  built  of  }  in.  steel  plates  with  two  courses  of  J-in. 
plate,  one  over  and  one  under  the  mantel. 


this  means  that  the  air  flows  uniformly  through 
the  burden  of  the  furnace — there  is  a  constant 
deposition  of  finely  divided  carbon  in  the 
reducing  zone.  Some  of  this  forms  a  coating 
over  the  surface  of  the  furnace  lining,  and  thus 
constitutes  a  great  protector  against  the  in- 
fluence of  the  effect  of  oxygen  on  the  siUceous 
material  with  which  the  hottest  parts  of  the 
furnace  are  lined.  This  carbon  lining  is  of 
great  importance,  for  on  its  own  maintenance 
depends  the  successful  uniform  working  of  the 
furnace,  and  the  preservation  of  the  furnace 
lining.  It  will,  however,  easily  disappear  under 
the  influences  of  attrition  and  oxidation,  and 
therefore  a  durable  artificial  substitute  would 
be  very  valuable.  The  author  suggests  that 
such  a  lining  surface  might  be  obtained  by  coat- 
ing the  inner  or  exposed  surface  of  the  lining 
bricks  with  silicon-carbide  or  carborundum. 
There  may  be  some  little  difficulty  in  applying 
the  material  in  silu^  but  the  author  thinks  it 
would  be  surmountable  if  a  serious  attempt  to 
carry  out  the  idea  were  made. 

THK    RBMOVAL    OP   THB    SUUL 

The  common  method  in  modern  furnace 
practice  is  to  remove  the  slag  by  means  of 
bogie  ladles,  which  are  so  constructed  that  the 
mass  of  slag  can  be  bodily  tipped  out  of  the 
ladle  with  the  least  possible  residue  of  skull  on 
the  sides  or  bottom. 

In  furnaces  producing  a  basic  slag,  it  is  a 
common  operation  to  granulate  the  slag  for 
agricultural  purposes  by  immersing  it  in  water 
whilst  in  a  fluid  state.  Another  example  of  the 
use  of  fluid  slag  is  the  production  from  it  of 
a  fibrous  product,  known  commercially  as  slag- 
wool.  Of  course  the  appropriate  commercial 
utilisation  is  determined  by  the  chemical 
characteristics  of  the  slag. 

Attempts  are  being  made,  and  with  consider- 
able promise  of  success,  to  use  blast-furnace 
slag  as  the  basis  for  the  production  of  a  com- 
mercial cement,  approaching  that  of  Portland. 
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CHARLES   ROUS-MARTEN. 

The  Author,  from  an  entirely  independent  standpoint,  deals  with  the  interesting  controversy  opened 
by  "  An  American  Railway  Official  "  in  the  Times, 


CURIOUS  and  highly  in- 
teresting  controversy  has 
been  started  by  the  Times^ 
having  for  its  subject  the 
problem  whether  the  rail- 
ways of  Britain  are  or  are 
not  insolvent.  It  was 
opened  by  a  contributor,  described  as  "a 
writer  who  having  begun  his  railway  career  in 
this  country,  has  attained  an  important  position 
on  the  wider  stage  of  the  United  States.*'  He 
styles  himself  simply  '*An  American  Railway 
Official."  His  attitude  is  thus  indicated  by  the 
Times :  **  Broadly,  he  throws  doubt  on  the 
solvency — we  might  almost  say  he  proclaims 
the  insolvency— ^of  English  railways  as  a  whole, 
and  the  English  public  have  invested  in  English 
railways  a  capital  about  twice  the  whole  National 
Debt."  Clearly  then,  the  question  at  issue  is  a 
very  large  one. 

The  ** American  Railway  Official"  begins 
insidiously  with  praise  of  a  certain  American 
railway — the  Delaware,  Lackawanna  and 
Western  Railway  Company — which,  to  save 
space,  I  will  take  the  liberty  of  referring  to 
henceforward  as  the  D.L.W.  line  ;  but  he  soon 
discloses  his  actual  programme,  which  is  a 
comparison  between  **the  methods  in  vogue  on 
an  American  and  on  a  British  line."  He  selects 
the  North  -  Eastern  as  the  special  British 
example,  and  he  compares  its  figures  for  the 


latter  half  of  the  year  1901  with  those  of  the 
American  railway  just  mentioned,  for  the  same 
period. 

THK    NORTH-EA8TKRN    RAILWAY    CRITICISKD. 

After  setting  forth  a  formidable  array  of  figures 
quoted  from  the  respective  balance  sheets  of 
the  two  companies,  he  sums  up  the  North- 
Eastern  result  as  follows :  "  It  is  evident  from 
what  has  been  stated  that  its  current  operating 
charges  were  relieved  at  the  expense  of  capital, 
that  this  process  has  been  going  on  for  so  many 
years  that  the  corporation  is  suffering  from 
over-capitalisation,  and  what  was  begun,  per- 
haps as  a  temporary  expedient  to  pay  a  large 
dividend,  has  become  a  chronic  necessity.  The 
half-year's  balance-sheet  shows  the  progress  of 
the  disease.  With  a  decreased  income  of 
^60,875  for  the  half-year,  its  managers  charged 
to  capital  on  account  of  lines  and  works  open 
for  traffic,  ^284,973,  and  for  working  stock 
(carriages),  ^96,117;  total,  ;^3^i,09o,  the 
equivalent  of  fully  2\  per  cent,  of  its  dividend.'' 
And  he  deduces  the  conclusion  that  '*  die 
company  could  not  fairly  pay  the  balance  of 
3^  per  cent,  if  it  had  dealt  properly  with  the 
revenue  account,  and  charged  it  with  all 
necessary  outlay  to  maintain  the  road,  works, 
and  equipment  up  to  the  high  standard  of 
efficiency  necessary  for  safe  and  economical 
working.    This  has  been  shown  from  its  own 
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figures,  and  is  doubly  clear  when  contrasted 
with  the  policy  of  a  railway  company  managed 
on  ordinary  business  principles." 

A    "MODKL*'   AMKRICAN    LINK. 

The  "American  Railway  Official"  finds  it 
**  refreshing  indeed"  to  turn  to  the  report  of  the 
D.L.W.  line.  "  According  to  that  report,"  he 
says,  **  operating  expenses  are  charged  with 
3,304,253  dols.  (^660,851)  for  maintenance  of 
way  and  structures.  Included  in  this  is  *the 
cost  of  various  renewals,  improvements  and 
additions  of  an  unusual  character,  aggregating 
the  sum  of  1,228,953  dols.  (;^245,79i).'  Of  this 
amount,  259,847  dols.  (;^5 1,969)  is  for  new 
bridges  ;  121,707  dols.  (;^24,34i)  for  interlock- 
ing and  signal  apparatus ;  329,337  dols.  (;^65,867) 
for  sundry  sidings,  yards,  and  track  ;  110,750 
dols.  (^22,150)  for  new  depots,  freight  houses, 
etc. ;  95,240  dols.  (;^I9,048)  for  water  and  fuel 
stations;  84,670  dols.  (;^i6,934)  for  new  turn- 
tables, round-houses,  pits,  engine-houses,  etc., 
and  the  balance  of  227,402  dols.  (;^45,48i)  for 
sundry  changes  and  improvements  in  buildings, 
new  buildings  on  the  line,  and  yards  and 
sidings  in  course  of  construction.  In  addition 
to  the  item  of  259,847  dols.  (;^5 1,969)  for  new 
bridges,  there  was  expended  and  charged  to 
renewal  (not  capital)  account  the  sum  of 
1,007,255  dols.  (;^20i,45i),  being  the  amount 
paid  during  the  year  for  new  steel  bridges 
erected  at  different  points  on  the  line  to  take 
the  place  of  old  ones  which  were  light  and 
unsafe  for  the  company's  present  traffic." 

TNK    "PROPLIQAOV   OP    BRITISH    RAILWAYS. 

A  lengthy  quotation  from  the  report  follows, 
showing  that  many  charges  which,  according  to 
the  "  American  Railway  Official,"  are  in  England 
charged  to  capital,  were  on  the  D.L.W.  line 
paid  out  of  revenue.  He  thinks  this  is  "a 
strong  impeachment  of  British  management," 
and  he  asks  "  How  many  British  lines,  for 
example,  could  follow  such  a  course  as  the 
Lackawanna  Companj',  and  continue  to  pay 
anything  like  the  dividends  they  have  been 
declaring  for  years,  or  how  many  could  pay  any 
dividend  upon  their  present  capital  ? "  He 
goes  on  to  say:  **The  situation  is  all  the  more 
serious  from  the  fact  that  it  has  crystallised  into 


a  recognised  practice  of  British  boards  of 
directors  to  place  everything  that  can  be 
characterised  as  extraordinary  expenditure  into 
the  capital  account,  as  well  as  a  great  deal  that 
cannot,  even  under  the  most  liberal  interpre- 
tation, be  so  classified.  This  has  been  in  vogue 
for  30,  nearly  40  years — ever  since  the  prevailing 
form  of  railway  accounts  was  prescribed,  which 
gave  an  apparent  invitation  and  colourable 
sanction  to  the  prevailing  procedure.  Financial 
demoralisation  has  been  and  is  rampant,"  and 
he  asserts  that  *'  the  increase  of  capital  has 
frequently  not  even  the  apparent  excuse  for 
increase  of  revenue."  He  declares  that  the 
policy  pursued  is  a  profligate  one,  and  that 
while  such  a  policy  prevails  there  can  be  no 
economies  brought  about,  the  incentive  to  such 
economies  being  wholly  wanting.  He  holds 
that  the  end  must  be  "  that  the  railways  of  the 
United  Kingdom  will  get  further  and  further 
behind  the  times  in  economical  equipment 
and  up-to-date  transportation  methods,  in 
addition  to  being  handicapped  with  a  rapidly 
accumulating  capital  debt,  to  gain  any 
return  upon  which  it  will  be  necessary  to 
charge  unreasonable  rates  and  fares,  instead  of 
continually  reducing  charges  as  in  the  United 
States." 


THK    "TIMES' 


In  the  same  issue  of  the  Times  this  article  is 
editorially  dealt  with.  After  virtually  accepting 
the  conclusions  of  the  "American  Railway 
Official,"  and  summing  up  his  main  contention 
as  being  that  "  in  the  period  which  he  reviews, 
the  North-Eastern  paid  its  dividend  only  by 
charging  to  capital  ;^38o,ooo  for  improvements 
to  already  existing  lines,  and  that  the  Lacka- 
wanna paid  its  dividend  only  after  it  had  debited 
to  net  revenue  ;^43o,ooo  for  extraordinary 
betterments  of  its  property,"  the  Times  goes  on 
to  say  :  "  The  management  of  an  ordinary 
business  assumes  that  it  is  not  sufficient  to 
maintain  the  buildings  and  plant  in  condition 
out  of  revenue.  Sooner  or  later,  plant,  even  if 
maintained  in  first-rate  condition,  must  become 
useless,  either  because  it  is  superseded  by  newer 
inventions,  or  because  it  is,  by  change  in 
demand,  made  wholly  superfluous.  There 
must,  therefore,  be  in  some  shape  or  form  a 
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substantial    reserve,  or  the   company  is  likely 
some  day  to  get  into  the  Bankruptcy  Court/* 

In  fact,  the  Times  holds  that  the  British  rail- 
way companies  are  "  steadily  working  out  their 
mine,"  and  that  even  if  they  maintain  their 
property  out  of  revenue  they  have  no  reserves 
out  of  which  to  supplement  or  improve  it,  and 
it  is  contended  that  "  a  policy  of  this  kind,  if 
continued  indefinitely  .  .  .  must  ultimately 
lead  to  the  extinction  of  dividends  on  the 
ordinary  stock." 

A    PJIAOTIOAL   •UQQB8TION. 

Then,  suddenly,  the  Times  diverges  from  this 
point  of  financial  policy  to  deal  with  a  question 
of  working,  which  has  also  been  aired  in  its 
columns  by  "A  Correspondent.*'  After  admitting 
that  **  the  salvation  of  English  railwajrs  will 
hardly  be  found,  as  not  a  few  somewhat  super- 
ficial critics  have  fancied,  in  big  bogie-cars," 
it  expresses  the  opinion  that  there  is  "more 
of  practical  interest "  in  its  correspondent's  con- 
tention that :  "  At  a  cost  relatively  trifling,  with 
an  almost  equally  trifling  disturbance  of  exist- 
ing and  deep-rooted  habits  of  trade,  our  existing 
four-wheel  coal-trucks  could  be  made  to  carry  a 
load  fully  half  as  heavy  again  as  at  present,  with 
a  resulting  economy  which  a  competent  critic 
thinks  might  run  into  millions  per  annunu" 

A  OLBVKII    maOK  OP  •1N8ATIONAUSM. 

These  various  criticisms  have  been  met  by 
Mr.  George  S.  Gibb,  the  general  manager  of  the 
Nortl\- Eastern  Railway  Company,  who  in  an  ex- 
ceedingly able  reply  exposes  several  rather  vital 
fallacies  in  the  *'  case  for  the  prosecution  "  of 
his  railway,  and  also  sets  up  a  very  skilful 
**  case  for  the  defence,"  He  characterises  the 
**  American  Railway  Oflicial*s  "  article  as  **  a  clever 
piece  of  sensationalism,"  and  as  largely  in  the 
nature  of  *' sug^tio  falsi,'*  He  points  out  that 
the  year  igoi  was  the  most  prosperous  one  in 
American  railway  bistor\%  and  that  the  D.L.\V. 
line  had  a  specially  large  share  of  the  pros- 
perity, wherefore  it  used  its  extra  profits  from 
the  railway,  and  from  coUieries  which  it  owns, 
to  defray  *•  certain  expenditure  which  otherwise 
might  prv>perly  ha\*e  been  charged  to  capital."  Mn 
Gibb  also  shows  that,  whereas  the  D.L.W.  line 
spent  only  8*8  per  cent,  of  its  gross  revenue  on 


"  maintenance  of  way  and  structure,"  or  at  the 
rate  of  £^^7  per  mile,  the  North-Eastern  spent 
thus  10  6  per  cent,  of  its  gross  revenue,  or  ;^584 
per  mile,  while  the  sum  of  ^201451  for  new 
bridges,  also  charged  by  the  D.L.W.  line  to 
revenue,  was  (according  to  the  president  of  that 
line)  for  *'new  steel  bridges  to  take  the 
place  of  old  ones  which  were  light  and  unsafe 
for  the  company's  present  traffic." 

CHKAP   CONSTRUCTION    IN    AMKRICA. 

In  this  connection  Mr.  Gibb  remarks  :  "  It  is 
notorious  that  in  original  construction  the 
American  plan  was  to  build  railways  on  the 
cheap,  good  enough  perhaps  to  begin  with,  but 
not  to  last  for  long.  Such  work  must  be 
renewed  soon  and  often.  Curves  were  left  to 
be  straightened  afterwards,  grades  to  be  reduced, 
bridges  to  be  rebuilt,  and  so  forth.  The  work 
on  most  high-class  EngUsh  railways  was  of  a 
dififerent  character — solid,  costly,  with  immense 
reserves  of  strength,  built  almost  for  eternity, 
and  not  requiring  constant  renewal.  But  all 
well-managed  English  railways  with  which  I 
am  acquainted  provide  fully  out  of  revenue  for 
all  necessary  renewals." 

Further,  with  reference  to  the  American  rail- 
way's expenditure  on  betterment,  Mr.  Gibb 
observes  that  it  *'  includes  the  cost  of  79  new 
engines,  at  an  average  cost  of  ;^2,55o  per  engine, 
but  they  had  to  break  up  or  sell  72  worn-out 
engines,  so  that  the  net  result  of  it  all  was  that 
they  added  seven  engines  to  their  stock,  debiting 
nothing  to  capital"  But  he  adds  :  '*  The  North- 
Eastern,  in  the  same  year,  added  21  engines  to 
their  stock  at  an  average  cost  of  £2,6g^  per 
engine,  in  addition  to  making  provision  for 
ordinary  renewals,  the  old  engines  being  re- 
placed in  all  cases  by  new  and  more  powerful 
engines,  and  also  without  debiting  capital  with 
any  part  of  the  cost" 

TNK    FIMAMCIAL   MIMCIPLBS   INVOLVSO. 

Finally,  Mr.  Gibb  deals  with  the  standard  of 
financial  principles  involved,  which,  he  remarks, 
the  **  American  Railway  Official "  has  carefully 
abstained  from  defining.  But  the  able  general 
manager  of  the  Xorth-Eastem  Railway  frankly 
joins  issue  with  his  critic  as  to  the  implied 
argument  that  present-day  shareholders  are  to 
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lie-out  of  their  reasonable  returns  in  order  to 
provide  fat  dividends  for  their  successors  in 
future  years.  He  says :  "  If  a  shareholder  owned 
;g'io,ooo  stock  in  the  assumed  undertaking  in 
1870,  yielding  him  an  income  of  ;f6oo  per 
annum,  why  should  he  then  consent  to  an 
immediate  reduction  of  his  income  because  he 
foresaw  that  30  years  afterward  the  holder  of 
his  ;^io,ooo  stock  would  only  be  receiving  ;^46o 
per  annum  ?  He  would  also  foresee  that  the 
shrinkage  in  net  profits  would  be  due  to  the 
operation  of  general  economic  causes,  and  that 
these  causes  would  operate  on  commercial  and 
industrial  undertakings  all  round,  and  also  on 
prices,  and  that  consequently  an  adjustment 
would  to  some  extent  take  place  in  regard  to 
the  real  value  or  purchasing  power,  as  well  as 
the  nominal  figure  of  the  income.  Why,  there- 
fore, should  a  shareholder  of  one  generation 
pinch  himself  in  income  in  order  to  provide 
that  the  shareholder  of  a  later  period  should 
have  an  income  at  a  nominal  percentage  on  his 
capital  higher  than  the  percentage  prevailing  at 
the  time  throughout  industrial  and  commercial 
undertakings  of  equal  stability  ?  " 

THl   CONTROVKRSY    PROM   AN   OUTSIDl 
STANDPOINT. 

Now,  as  a  professional  observer,  wholly  in- 
dependent of  all  railway  companies  and  uncon- 
nected with  any,  having,  moreover,  enjoyed 
somewhat  special  opportunities  of  studying- 
railway  working  in  many  parts  of  the  world,  I 
have  been  invited  to  comment  upon  the  case  as 
it  is  put  forward  respectively  by  the  two  parties 
to  this  discussion — the  "American  Railway 
Official  *'  and  the  Times  on  one  side,  and  the 
North- Eastern  general  manager  on  the  other. 

It  would  be  alike  idle  and  tedious  to  debate 
every  item  in  the  two  armies  of  figures  so  ably 
set  in  array  by  the  combatants.  Yet,  unless  this 
be  done,  any  detailed  discussion  must  needs  rest 
upon  a  hopelessly  vague  and  shifting  basis.  For, 
be  it  observed,  both  sides  are  agreed  that  while 
all  expenditure  for  mere  renewals  ought  to  come 
out  of  revenue,  some  charges  for  "  betterment  *' 
may  fairly  be  paid  out  of  capital.  Thus,  the 
sole  question  at  issue  under  this  head  is  one  of 
degree.  How  much  ?  And  this  is  just  one  of 
those  questions  which  cannot  be  answered  off- 


hand by  the  formulation  of  any  axiom.  The 
case  is  very  much  on  all  fours  with  that  of 

THK  QIIBAT   BOQIl   WAQQON    RIMIDY, 

which  some  critics  fondly  believed  to  be  the 
supreme  panacea  for  all  railway  financial  ills. 
* 'Carry  your  goods  and  minerals,"  they  urged,**  in 
big  bogie  waggons,  holding  thirty  to  fifty  tons 
each,  and  then  you  will  reduce  your  proportion  of 
non-paying  dead-weight  and  utilise  your  lines 
to  great  advantage."  That  view  was  perfectly 
sound  as  applied  to  some  cases.  If  British 
railway  companies  had  only  to  convey  complete 
trainloads  over  vast  distances,  as  in  many 
American  cases,  the  large  waggon  fully  loaded 
would  be  undoubtedly  the  best  and  most 
economical.  In  such  a  case  as  that  of  the 
Caledonian  Railway,  which  runs  heavy  train- 
loads  of  minerals  that  lemain  virtually  '  un- 
broken throughout  a  long  journey,  the  big 
wagfi^ons  are  manifestly  desirable.  But  when, 
to  suit  the  requirements  of  customers,  train- 
loads  have  to  be  made  up  of  innumerable 
relatively  small  consignments  which  must  be 
left  at  almost  as  many  wayside  stations  as  there 
are  vehicles  in  the  train,  or  even  if  left  in  big 
batches  at  particular  stations,  must  be  readily 
divisible  into  separate  truck-loads  for  the  con- 
venience of  the  respective  consignees,  then  the 
huge  30-  or  50-ton  waggons  would  be  a  costly 
nuisatice — the  reverse  of  a  boon. 

THK  AMKRICAN    PLAN   OP   BUILDING   CHIAPLY. 

So  with  many  points  in  locomotive  practice  : 
The  American  plan  of  building  cheaply  and 
quickly,  getting  all  possible  work  out  of  an 
engine  during  its  life,  and  using  it  up  unsparingly 
so  that  at  a  relatively  early  period  it  may  be 
replaced  by  a  newer  and  better  machine,  has 
its  advantages  in  some  respects  ;  its  disadvan- 
tages in  others.  I  endeavoured  to  set  out 
both  sides  of  that  case  in  a  paper  which  I 
read  before  the  Society  of  Engineers  on  June 
2nd  last,  of  which  copious  extracts  bearing 
upon  this  particular  point  were  published  in  the 
July  issue  of  Page's  Magazine,  pp.  113- 115. 

INADIQUATI    BOILKII    POWBR. 

The  chief  defect  in  the  working  of  British 
railways  as  compared  with  that  of  the  American 
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and  European  Continental  lines—vir.,  glaringly 
inadequate  boiler-power,  which  so  long 
hampered  their  usefulness,  and  which,  by 
compelling  duplication  and  excessive  piloting,  so 
seriously  augmented  the  expenses  and  at  the 
same  time  diminished  the  carrying  capacity  of 
the  lines,  has  during  the  past  few  years  been 
generally  recognised.  Efiforts  now  are  being 
steadily  made  to  atone  for  past  shortcomings  in 
this  particular,  and  to  provide  locomotives  of 
power  sufficient  to  perform  the  duty  required 
of  them.  The  financial  fruits  of  this  valuable 
reform  will  be  garnered  more  and  more  in  the 
form  of  decreased  expenses  as  years  go  by. 

RINSWALS    PROM    RIVINUK. 

But  if  the  case  be  open  to  argument  and  to 
difference  of  opinion  on  points  of  working,  it  is 
even  more  so  on  the  question  of  finance.  A 
disputation  might  be  raised  over  almost  every 
item  of  outlay  on  improvements.  Probably  no 
leading  British  railway  will  dream  of  disputing 
the  general  principle  that  all  expenditure  on 
what  is  strictly  the  renewal  of  permanent  way 
or  rolling-stock  already  constructed  out  of 
capital,  should  be  defrayed  out  of  revenue.  If 
ten  old  engines  be  condemned  and  ten  new 
ones  built  to  replace  them,  the  charge  is,  as  a 
matter  of  course,  on  revenue  in  the  case  of  every 
properly  managed  line.  But  Mr.  Gibb  tells  us 
that  not  only  is  this  done  on  the  North-Eastem 
Railway,  but  also  the  old  locomotives  are  re- 
placed out  of  revenue  by  others  o^  much  greater 
power.  Consequently  the  ten  old  engines  are 
replaced  by  new  ones  with  the  equi\^ent  power 
of  twelve  or  perhaps  fifteen  old  ones.  So,  too, 
in  the  case  of  the  road.  It  is  manifesdy 
advisable  that  when  an  inferior  old  permanent 
way  is  replaced  by  a  better  new  one,  this 
expense  should  tome  out  of  revenue. 

TN8  urmnrs  op  pormrrv. 

But  the  Times  appears  to  go  farther  than  this, 
and  to  contend  that  '*  il  is  not  sufficient  to  main- 
tain the  buildings  and  plint  in  working  order," 
and  that  the  British  railway  companies  ought 
to  "supplement  or  improve'*  their  pn>perty 
out  of  revenue,  as  well  .is  maintaining  it  from 
that  source.  But  surely  it  a  railway  compviny 
g^M»  in  tor  **  supplementing  or  improxnng  *'  its 


property,  when  this  process  travels  beyond  the 
mere  substitution  of  modern  adequate  buildings 
and  plant  for  what  is  inadequate  and  old  and 
worn  out,  it  is  undertaken  for  the  purpose  of 
being  able  to  deal  with  increased  traffic,  that  is 
to  say  of  enhancing  the  earning-power  of  the 
line.  Now  if  this  be  done  out  of  a  special 
surplus  of  revenue,  yielded  in  an  exceptionally 
favourable  period,  it  is  excellent  policy  and  one 
which  most  shareholders  would  approve,  it 
being  preferable  to  apply  a  temporary  excess  of 
revenue  to  the  permanent  strengthening  of  the 
company's  position  rather  than  to  distribute  it 
in  abnormally  high  dividends  which  could  only 
last  a  year  or  two,  and  the  reversion  from  which 
to  normal  rates  would  cause  disappointment 
and  inconvenience.  But  when  dividends  are 
cut  down,  or  even  "passed,"  and  the  money 
thus  available  is  not  devoted  to  ordinary  re- 
newals of  permanent  way,  buildings,  and  plant, 
but  is  employed  in  making  provision  for 
conjectural  future  traffic  extension,  this  surely 
involves  a  grave  present  injustice,  however 
much  posterity  (which,  as  the  Irish  orator  re- 
marked, has  done  so  little  for  us)  might  benefit 
in  the  future. 


ritATION   nVM    MAD. 


It  seems  to  me  amortisation  run  mad.  A 
rail>\'ay  is  a  purely  commercial  enterprise.  It  is 
carried  on  by  its  proprietors,  the  shareholders, 
simply  for  their  own  personal  profit  No  com- 
mercial business  could  be  carried  on  if  its 
proprietors  were  required  to  devote  the  whole 
of  their  profits  to  preparation  for  future  prob- 
lematical extensions  of  business  which  might 
quite  possibly  occur,  but  which,  if  they  did 
occur,  would  return  a  good  profit  on  such  fresh 
capital  as  might  be  needed  for  such  provision. 
Why  should  the  living  shareholder  be  pinched 
and  starved  in  (wrder  that  posterity  may  enjoy 
alone  benefits  which  he  himself  may  never 
share,  although  he  has  **  borne  the  heat  and 
burden  of  the  day  ?  " 

A  •TROtia   OASS  POR    MIITMH    UMKS. 

In  my  opinion  Mr.  Gibb  has  made  out  a  very 
strong  case.  He  has  not  been  content  with  a 
mere  dialectic  victory,  but  has  combated  with 
solid  fact  and  reason  a  somewhat  one-sided  and 
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partial  argument,  based  upon  circumstances 
that  are  shown  to  be  special  and  exceptional. 
He  is  all  the  better  qualified  for  the  champion- 
ship he  has  assumed,  inasmuch  as  he  and  his 
very  able  and  progressive  colleague,  Mr.  Philip 
Burtt,  the  general  traffic  manager  of  the  North- 
Eastern  Railway,  have  a  remarkable  record  to 
their  credit  in  respect  of  valuable  reforms 
effected  in  the  administration  of  the  great 
railway  which  they  control.  Railway  share- 
holders need  not  be  alarmed  by  the  lurid 
picture  presented  by  the  "  American  Railway 
Official "  so  far  as  it  depends  upon  the  grounds 
set  forth.  That  railways,  like  all  other  traders, 
are  exposed  to  the  vicissitudes  of  weal  and  woe 
which  necessarily  affect  all  trades,  and  which 
are  an  inherent  and  inevitable  condition  of 
commerce,  is,  of  course,  indisputable.  They 
may  have  bad  times  and  good  times ;  they  may 
be  managed  better  at  one  time  and  worse  at 
another  ;  there  may  be  room  in  many  respects 
for  administrative  and  operative  reform  and 
improvement,  but  the  spread-eagle  pronounce- 
ment of  impending  ruin  is  the  mere  product 
of  a  lively — or,  rather,  deadly — imagination, 
stimulated  by  the  fallacious  fancy  that  circum- 
stances do  not  alter  cases,  that  a  single  medicine 
must  of  necessity  be  good  for  every  complaint, 
and  that  the  same  rule  must  necessarily  apply 
to  all  situations,  however  different  one  from 
another. 

HOW    BRITISH    RAILWAYS   ARK    PLKICKD. 

But  while  the  alleged  insolvency  of  British 
railways  on  the  grounds  instanced  is  a  pure 
myth,  it  is  undeniable  that  these  railways  do 
labour  under  one  special  and  exceptional  dis- 
advantage, and  that  is  the  monstrous  and 
excessive  extent    to    which    they— unlike    all 


other  business  concerns — are  mulcted,  or  rather 
fleeced,  in  respect  of  taxation.  The  local  rating 
of  British  railways  is  a  disgrace  to  the  com- 
munity, because  it  is  a  glaring  and  scandalous 
use  of  power  for  the  purpose  of  legal  oppression. 
Railways  are  gleefully  plundered  by  many  local 
authorities  through  whose  territories  they  have 
the  misfortune  to  pass,  and  this  operates  with 
grave  disadvantage  to  the  interest  of  the  public 
as  well  as  to  that  of  the  railways  themselves,  for 
it  not  only  in  some  cases  levies  a  dividend  when 
none  is  received  by  the  owners,  but  also  prevents 
greatly  needed  renewals  or  improvements  being 
carried  out  because  the  companies  are  aware 
that  such  improvements  would  constitute  an 
immediate  pretext  for  raising  the  rateable  value, 
and  therefore  a  company  has  to  provide  not 
merely  for  the  cost  of  the  improvements  or  the 
interest  thereon,  but  also  a  further  sum  for  the 
increased  rating  that  will  be  levied  in  grateful 
recognition  of  such  improvements  made  for  the 
public  benefit.  Many  outside  critics  who  rail 
at  railway  companies  for  not  making  improve- 
ments which  are  admittedly  desirable,  might  well 
bear  in  mind  the  disagreeable  condition  involved, 
viz.,  that  such  improvements  would  mean 
additional  liability  on  the  part  of  the  share- 
holders to  what  is  in  a  large  degree  a  legalised 
blackmail.  At  present  railway  improvements 
are  subject  to  a  heavy  and  strongly  deterrent 
penalty. 

Let  railway  shareholders,  therefore,  seek  to 
obtain  some  measure  of  relief  on  this  head,  and 
let  them  ever  watch  keenly  and  probe 
relentlessly  the  whole  administration  of  their 
concerns,  not  only  financially  but  also  generally, 
for  there  are  doubtless  many  reforms  which 
are  both  desirable  and  feasible.  But  let  them 
not  be  terrified  by  "  wild  and  whirling  words." 
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D.    N.    DUNLOP. 


III.— THE    COST 

)E  must  now  consider  one  ot 
the  main  factors  of  industrial 
success— a  simple  but  efficient 
system  of  ascertaining  accur- 
ately the  cost  of  production 
of  every  article  manufactured. 
By  this  means  alone  can 
economy  in  production  be  ensured,  and  a  profit 


OF    PRODUCTION. 

fixed  which  will  not  turn  out  to  be  fictitious 
Vvhen  accounts  are  balanced  at  the  end  of  the 
year. 

Many  manufacturers  have  failed  to  solve  the 
problem  of  how  to  secure  accurate  factory  costs. 
In  the  fierce  war  of  industrial  and  mercantile 
competition  now  being  waged  at  home  and 
abroad,  the  manufacturer  is  often  tempted   to 


FIG.    I.       MATERIALS  CARD. 


Modern  Business  Organisation.— Record  keeping  in  every  conceivable  form  and  direction  is  a  most 
powerful  adjunct  to  organieation  and  control  in  the  workshop  and  oHice,  and  we  propose  to  insert  from  month  to 
month  suggestive  articles,  which  will  indicate  concisely  the  methods  necessary  to  secure  definite  and  practical 
results. 

The  following  have  already  appeared:     (July.)    Prime   Cost   (17   forms).— By   Cliude   W.   Hill,  AM.InsLCE 
M.I.E.E.     (July.)  Business  System  and  Organisation.— By  D.  X.  Dunlop.     (Aug.)  A  simple  system   of  Cost-Keeping 
(4  forms).— Bv  D.  X.   Dunlop.     (Sept.)  Standing  Charges  (6  forms).— By  Claude  VV.    Hill,  A.M. last.C  E     M.I  E.E 
(July.)  Hints  on  Advertising.— By  Edward   E    M.itheson,  M.Inst.C  E.     (Oct.)  Eslim.ites.— By  Claude  W    Hill   Assoc 
MInstC.E.,  MI.E.E. 
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FIG.   2.      MATERIAL  SUMMARY  CARD. 


Fia.  3.      ASSEMBLED   COST  CARD. 
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use  the  sale  prices  of  his  rivals  as  a  basis  for  his 
own,  without  reference  to  his  factory  costs,  and 
they  are,  perhaps,  at  best  but  approximately 
calculated.  This  practice  is  unsound  and 
dangerous,  for  the  sale  price  in  every  factory 
should  be  dependent  on  nothing  so  much  as 
internal  organisation  and  progressive  methods, 
which  are,  as  a  rule,  jealously  guarded  and  kept 
secret.  The  fall  in  the  sale  prices  of  any 
soundly  organised  competing  firm  must  be  due 
either  to  economy  in  production  or  to  increased 
output,  which  is  the  goal  towards  which  all 
enterprising  manufacturers  strive  by  every 
means  in  their  power. 

The  principal  items  upon  which  depends  the 
cost  of  production  in  a  factory  are :  material, 
labour,  manufacturing  expense,  general  expense, 
and  special  items  of  cost.  The  simple  system 
here  outlined  has  been  tried  with  great  success 
by  prosperous  American  and  British  firms.  In 
this  system  three  costs  are  kept :  (i)  The  flat 
cost,  including  material  and  productive  labour ; 
(2)  The  factory  cost,  which  consists  of  the  flat 
cost  with  the  addition  of  non-productive  factory 
labour,  manufacturing  expense,  and  all  other 
expenses  directly  due  to  the  factory  ;  (3)  The 
total  cost. 

In  order  to  work  this  system  a  clerical  force 
of  seven  will  be  found  sufficient,  viz. :  a  head 
account'keeper  and  his  assistant  clerk,  a  stores- 
keeper,  the  cost-keeper,  and  the  time-keeper, 
who  may,  when  the  labour  roll  is  a  long  one, 
require  a  clerk.  Of.  these,  only  the  cost-keeper 
can  be  charged  to  the  new  system. 

COST  OP   MATKMIALS. 

Material  forming  the  basis  of  manufacture 
claims  the  first  consideration.  By  means  of  the 
records  of  the  stores-keeper  (as  indicated  in  the 
last  article)  the  exact  amount  and  cost  of  all 
material  used  for  every  part  and  for  the  whole 
article  manufactured  can  be  easily  ascertained. 
On  material  being  requisitioned  by  a  depart- 
ment, a  separate  card  is  issued  by  the  stores- 
keeper  for  each  article  ;  it  bears  on  the  tab 
the  name  of  the  part  for  which  it  is  to  be  used, 
and  as  heading  the  name  of  the  article  ;  in 
columns  below  are  stated  the  size,  weight,  and 
kind  of  material,  and  finally  a  space  is  left  for 
remarks,  as  to  the  finish  ultimately  given. 

S^^nie  firms  use  the  reverse  of  the  card  iov  a 
statement  of  the  Lilxiur  required  for  the  same 
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part,  thereby  forming  a  complete  record  d 
production.  (See  fig.  i.)  A  Material  Summan 
Card  (see  fig.  2.),  compiled  by  the  cost-clerk 
from  the  various  cards  issued  from  the  stores, 
supplies  the  total  cost  of  material  for  the  par. 
This  card,  sent  to  the  department  for  continna 
tion,  bears  the  initials  of  the  stores-keeper  who 
delivered  the  goods,  the  number  or  pundiw 
the  foreman  who  received  them,  and  the  signa- 
ture of  the  superintendent,  affixed  on  comple- 
tion of  the  work,  after  which  the  card  is 
forwarded  to  the  cost-clerk  in  the  office.  On 
receipt  of  similar  cards  from  the  departments 
through  which  the  part  passed  in  the  process  of 
manufacture,  giving  the  various  items  of  labour 
and  the  manufacturing  supplies  for  the  week, 
the  cost-clerk  compiles  a  total  summary  ci 
material  and  labour  for  the  whole  article,  knov:! 
as  the  Assembled  Cost  Card.     (Fig.  3.) 

The  percentages  added  for  each  shop  are  for 
dcjpartment  non-productive  labour,  and  will  Is 
explained  hereafter.  The  number  2,611  in  the 
right  top  comer  is  the  catalogue  number  of  tk 
article,  borne  in  common  by  each  card  referrine 
to  it.  All  these  cards  are  arranged  by  the  cost 
clerk  in  a  drawer  cabinet,  the  parts  distinguished 
by  tabs  and  the  different  kinds  of  articles  bj 
means  of  guide  cards.  Some  firms  duplicate 
the  cards  as  they  come  in  from  the  various 
departments,  the  copy  being  returned  to  the 
foreman  of  the  department  for  reference. 

Before  proceeding  further  it  may  be  as  well  to 
draw  attention  to  the  vast  amount  of  fetching 
and  carrying  between  the  various  departments 
and  the  office  necessitated  by  a  thorough 
organisation  of  this  kind.  Instead  of  the  usual 
boys  employed  for  the  purpose,  a  more  rapid, 
economical,  and  reliable  method  of  inter 
communication  between  the  various  depart 
ments  is  available  :  the  pneumatic  tube  sysUni 
The  card  or  sheet,  enclosed  in  a  suitable  case. 
is  dropped  into  the  proper  tube,  and  the  mere 
pressure  of  a  lever  sends  the  packet  like  a  flasb 
to  its  destination.  The  initial  outlay  for  the 
installation  is  not  very  high,  and  is  soon 
refunded. 

nOURINO    OUT    THK    LABOUII. 

Labour,  the  most  difficult  item  in  the  factor} 
to  organise  and  manage,  is  a  comparatively 
simple  matter  in  the  computation  of  costs. 
Labour  is  divided  into  three  classes  : — 
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Prod.  Labour  Summary. 
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FIG,  4.      LABOUR  SUMMARY  CARD. 


TIMK  RBCOIID  CARD. 

Week  ending  January  22nd,  1900 

No.  239. 

NAME 

Henry  Gordon. 

Day. 
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Lost  Time. 

Out. 

Total. 
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7 

'  "    1    *  ■ 

I 

1              !      6      1      5     i 

S     !    ^^ 

1            1     1 

1                1 

^     '    ^•^''    1 

Total  Time           52  hours. 
Rate  i/- 

Total  Wages  for  Week  ;g2  12    0 

1 

FIG.   5.      WEEKLY  TIME  CARD. 


(i)  Productive  labour  is  ihzt  which  produces 
something  of  asset  value,  which,  in  fact,  turns 
raw  material  into  a  finished  product. 

(2)  Departmental  non-productive  labour  is  that 
which  in  every  department  is  necessary  for  the 
carrying  on  of  productive  labour,  but  which  does 
not  of  itself  produce  anything.  To  this  class  of 
labour  belong  the  foreman,  his  clerk,  the  ostlers, 
sweepers,  truckers,  etc. 

(3)  General  non-productive  labour  consists  of 
the  clerical  staff,  the  engineers,  draughtsmen, 
shipping  and  stores-clerks,  belonging  to  no  one 
department,  but  where  labour  is  essential  to  the 
operation  of  the  production  departments. 

In  order  to  obtain  the  absolute  labour  cost  of 
producing  a  piece  or  part,  it  is,  therefore, 
necessary  to  take  into  consideration  not  only 
the  flat  labom*,  easily  obtained  from  the  Labom* 
Summary  Cards  (fig.  4.),  but  also  the  depart- 
mental and  general  non-productive  labour 
Herein  lies  what  is  usually  considered  the 
difficulty,  but  with  the  system  of  record-keeping 
here  outlined,  the  calculation  becomes  simple : 
the  amount  of  productive  labour  for  the  week 
is  divided  into  that  of  departmental  non- 
productive labour,  the  quotient  gives  the 
percentage  of  non-productive  labour  chargeable 
to  any  given  productive  labour.  The  percentage 
of  general  4ion-productive  labour  is  determined 
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Check  No.  20. 
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Wood  Shop.                                                      Sept.  22nd.  190a 
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in  the  same  manner  and  added  to  the  other  t^o 
amounts,  thus  giving  the  total  labour  charges. 

If  ;f 40,  for  example,  be  the  value  of  pro- 
ductive labour  in  a  certain  department  for  the 
week,  and  ;fio  the  departmental  non-productive 
labour,  the  percentage  chargeable  for  each  piece 
or  part  is  25  per  cent,  of  the  productive  labour. 
The  general  non-productive  labour  for  the  same 
week  being  £g6,  and  the  total  productive  labour 
;f  240,  the  percentage  chargeable  to  each  part 
is  therefore  40  per  cent  of  the  productive 
labour.  This  computation  explains  the  per- 
centages on  the  Assembled  Costs  Card  (fig.  3: 
those  for  the  departmental  non-productive 
labour  being  written  under  the  productive 
labour  of  each  department,  and  the  general 
non-productive  chargeable  on  labour  40  per 
cent,  on  the  lowest  space,  together  with  tbt 
percentage  3  per  cent,  for  material.  If  th^ 
percentages  be  accurately  computed,  the  total 
amount  of  productive  labour,  plus  the  per- 
centage for  non-productive  labour,  gives  as  a 
result  the  exact  amount  of  the  pay  roll  as  issued 
by  the  time-keeper  and  the  office,  and  checked 
by  the  cost-clerk. 

It  has  been  found  that  piece  work  gives  the  best 
results  for  men  and  master.  Piece  prices  in  all 
departments  greatiy  simplify  the  records  and 
make  it  possible  to  handle  the  cost  of  labour 
more  satisfactorily,  and  to  reduce  the  cost  oi 
manufacture. 

It  is  well  to  provide  a  small  cabinet  for  each 
department  in  which  record  cards  of  the  prices 
paid  for  all  the  work  of  the  shop  can  be  kept  for 
ready  reference. 

The  card  bears  the  name  of  the  part  as 
heading,  and  the  operations  required  of  the 
shop  are  enumerated  below.  Six  columns  are 
provided  to  register  changes  in  the  piece  price, 
so  that  each  card  lasts  a  long  time,  being  ruled 
on  both  sides. 

As  many  of  these  parts  are  common  to  several 
articles  manufactured  in  the  workshop,  the  same 
card  suffices  in  making  up  the  cost  of  afl. 

It  is  recommended  that  the  piece-price  card^ 
for  all  departments  be  duplicated^  and  a  copy  ot 
each  kept  by  the  time-keeper  to  assist  him  in 
making  out  the  pay  roll. 

In  shops  where  the  worianen's  jobs  are  run 
through  in  small  lots,  it  is  well  to  credit  him 
with  the  number  of  prices  made — at  pi^ 
prices — and,  if  the  amount  falls  short  of  his  day 
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wage,  to  allow  him  the  balance,  which  is  then 
charged  as  non-productive  labour.  Thus,  the 
men  will  be  more  willing  to  work  at  piece 
prices  if  they  know  they  will  not  be  losers  in 
any  case,  and  may  often  earn  considerably 
more. 

TIMK  RKCORDINQ. 

The  method  of  registering  the  workmen's 
time  on  entering  and  leaving  the  factory,  by 
means  of  a  time  recording  system,  was  referred 
to  in  a  former  article.  This  automatic  recorder 
is  equally  invaluable  in  the  workshops,  instead 
of  allowing  the  men  to  fill  in  their  cards  by 
hand.  The  card  supphed  is  dropped  into  the 
slot  by  the  workman  on  commencing  his  job, 
and  again  at  the  completion,  when  he  signs  his 
name  or  has  the  card  punched  by  the  foreman. 
At  the  end  of   the  day  there  is  a  card  from 


every  operation,  and  the  total  number  of  hours 
on  the  several  cards  must  correspond  with  the 
total  amount  of  the  time  recorded  on  the  weekly 
card.  These  cards  are  despatched  through  the 
pneumatic  tube  to  the  cost-keeper,  who  makes 
out  a  duplicate,  which  he  forwards  by  the  same 
means  to  the  time-keeper,  who  day  by  day 
checks  these  by  the  Weekly  Time  Cards  (fig.  5). 
and  adds  the  price  from  the  piece-cost  card,  or 
the  workmen's  hour  rate. 

Those  who  prefer  the  time-card  system 
instead  of  an  automatic  recorder,  may  find 
fig.  6  suggestiN-fi.  These  cards  are  used  by 
every  man  on  the  pay-roll. 

The  time-keeper  computes  the  pay-roll  from 
the  time-cards  of  all  departments,  and  adds  the 
percentages  for  non-productive  labour  for  the 
use  of  the  cost-clerk. 
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Figures  7  and  8  show  a  departmental  Weekly 
Labour  Cost  Card  and  a  Weekly  Labour 
Summary  which  explain  themselves. 


JRINQ  KXPKNSK. 


This  comprises  the  cost  of  the  supplies  used 
in  the  factory,  such  as  belting,  emery  cloth, 
buckets,  brooms,  stationery,  fuel,  oil,  power, 
etc.,  etc. 

At  stocktaking  time  an  inventory  is  taken  of 
supplies  on  hand  listed  at  their  asset  value,  a 
percentage  being  deducted  from  the  value  for 
partly  used  articles.  After  the  inventory  has 
been  made,  the  foreman  of  a  department 
makes  a  requisition  to  the  stores-keeper  on  a 
proper  card  for  such  supplies  as  he  needs  ; 
this  order  received  and  filled,  the  supply  is 
entered  on  a  stock-card  and  charged  by  the 
cost-keeper  to  the  proper  department,  and  the 
stock-keeper  has  a  card  for  each  article  and  one 
for  each  department,  and  does  his  posting  day 
by  day.  The  latter  card  bears  on  a  tab  the 
department  number,  as  heading  the  supply ; 
and  under,  in  columns,  date,  order  number, 
quantity,  price,  cost  and  total.  The  cards  are 
thus  easily  found  in  the  drawer,  and  a  weekly 
summary  is  made  out  from  them  as  for  other 
items. 

In  order  to  pro-rate  manufacturing  expense 
over  the  cost  of  production  of  an  article,  the 
whole  output  of  the  ifactory  computed  from  the 


cost-cards  is  divided  into  the  total  cost  of  the 
supplies  used.  This  gives  the  percentage 
which,  added  to  material  and  labour  costs, 
gives  the  net  factory  costs. 

QKNKRAL    KXPKNMk 

The  principal  items  of  general  expense  are : 
Rent,  taxes,  salaries,  travelHng  expenses,  insur- 
ance, uncoUectable  debts,  depreciation,  tele- 
phones, postage  expenses,  advertisements, 
power,  etc.  The  amount  of  these  items  forms 
a  total  which,  divided  by  the  total  cost  of  the 
entire  output,  less  the  value  of  material  on  hand, 
gives  the  percentage  to  be  added  to  the  material, 
labour,  and  manufacturing  expense.  (See 
fig.  9.)  The  factory  burden  40  per  cent, 
includes  manufacturing  expense,  and  office 
burden  includes  general  expenses  and  special 
debts. 

8PKOIAL    OOST8. 

These  include  extra  items  due  to  failure  in 
delivery  of  an  order  for  material  to  time,  to 
defects  in  manufacture,  etc.,  and  may  be  charged 
when  possible  to  the  specific  part  of  the  product 
affected  or  pro-rated  over  the  total  cost  of  the 
product. 

To  those  'familiar  with  the  card  system 
numerous  elaborations  and  modifications  of  this 
outline  suitable  to  their  own  case  will  suggest 
themselves. 
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In  this  article  the  author  discusses  the  unprecedented  condition  of  the  iron  trade  and  the 
probable  effects  of  America's  present  insatiable  appetite  for  pig-iron. 


HE  position  of  the  manu- 
factured iron  and  steel  trades 
is  now  one  of  considerable 
perplexity,  not  to  sayanxiety. 
On  the  one  hs^nd,  pig-iron 
is  becoming  more  and  more 
scarce  and  is  gradually 
advancing  in  price.  On  the  other  hand, 
prices  of  finished  material  are  dropping  before 
the  decline  in  general  industries  (especially . 
in  shipbuilding)  and  under  the  influence 
of  German  competition.  We  may  put  it 
that  pig-iron  is  dear  because  America  cannot 
produce  enougli  of  it  for  her  own  immediate 
needs,  and  that  finished  iron  is  cheap  because 
Germany  is  still  producing  far  more  than  she 
can  consume.  There  is  no  precedent  for  the 
present  position  of  the  iron  trade  of  the  world, 
and  the  most  experienced  persons  in  it  are 
unable  to  say  what  will  be  the  immediate 
outcome. 

More  pig-iron  is  now  being  made  than  ever 
was  made  before,  and  a  great  deal  more  is  being 
made  in  Europe  than  Europe  can  consume. 
But  in  the  meantime  the  American  appetite 
for  it  seems  insatiable,  and  a  condition  of  quasi- 
famine  has  been  created,  the  term  of  en- 
durance of  which  no  one  can  foretell. 

FLUCTUATIONS. 

Three  years  ago  we  were  on  the  verge  of  an 
iron  famine,  but  from  quite  other  causes.  In 
1897  and  1898  the  industrial  "new  birth '•  in 
Oermany  caused  such  a  run  upon  our  reserves  of 
iron  that  they  were  nearly  exhausted,  although 


the  production  was  increased.  In  1898  the 
American  output  was  about  12,000,000  tons,  and 
that  left  a  considerable  surplus  for  export,  which 
rather  relieved  the  tension.  In  the  next  year, 
however,  America  became  a  large  buyer  of 
British  iron,  the  production  of  which  seemed 
then  to  have  reached  its  maximum,  as  there 
was  no  more  ore  readily  available.  In  1899  the 
American  output  reached  13^  million  tons,  but 
the  American  consumption  was  still  larger.  The 
output  was  increased  in  the  next  year  to  close 
upon  14  million  tons,  and  in  that  year  Germany, 
Holland,  and  Belgium  drew  nearly  a  million  tons 
from  us.  The  total  exports  of  pig-iron  in  1900 
reached  1,427,525  tons  ;  and  the  total  stocks  in 
all  the  public  stores  were  reduced  at  one  time 
to  126,000  tons — a  startling  contrast  to  the 
1,245,000  tons  stocked  in  the  Glasgow  stores 
alone  a  few  years  previous.  In  1900,  however, 
we  received  100,000  tons  from  the  United 
States,  and  it  was  thought  that  there  would 
never  be  another  pig-iron  famine,  as  the  Ameri- 
can output  was  more  than  sufficient  to  supply 
the  needs  of  the  whole  world.  Then  came  the 
industrial  boom  in  America  last  year,  accom- 
panied by  an  increase  to  15,870,000  tons  in  the 
production  of  pig-iron.  This  was  concurrent 
with  the  collapse  in  Germany,  who  an  that  year 
(along  with  Holland  and  Belgium)  took  from 
us  only  387,600  tons  ;  whilst,  at  the  same  time, 
our  entire  exports  dropped  to  839,223  tons. 
On  the  other  hand,  our  imports  of  pig-iron 
increased  from  175,393  tons  ;  for  although  we 
received  60,000  tons  less  from  the  United 
States,  Canada  was  now  in    the    market  as  a 
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pun'eyor,  and  sent  us  some  50,000  tons  from 
the  Cape  Breton  furnaces.  Moreover,  Germany 
had  to  realise  on  her  heavy  stocks,  and  sent  us 
some  cheap  parcels  of  basic-iron. 

Last  year  was  an  anomalous  one  as  regards 
pig-iron.  There  was  a  general,  though  not  uni- 
versal, decline  in  production,  consumption,  ex- 
ptjrts  and  stocks.  The  production  of  the  United 
Kingdom  was  reduced  by  about  a  million  tons, 
and  the  home  consumption  by  about  750,000 
tons.  The  striking  features  of  the  year  were 
the  great  decrease  in  the  German  demand,  the 
cessation  of  imports  from  America,  and  the 
receipt  of  supplies  for  the  first  time  from  Nova 
Scotia.  Another  rather  striking  feature  was 
an  increase  of  2,000,000  tons  in  American 
production,  and  the  absorption  in  America  of 
practically  the  whole  of  it  by  their  home 
markets.  This  year,  the  outstanding  feature 
has  been  the  enormous  advance  in  American 
consumption,  greater  even  than  the  increase  in 
production. 

RBSULTS  OP  THK  AMIRICAN   BOOM. 

Within  two  years  America  has  changed  from 
being  our  largest  prospective  competitor  and 
potential  purveyor  to  being  our  largest  customer. 
In  the  eight  months  ending  August  31st,  the 
exports  to  Germany,  Holland,  and  Belgium 
were  only  152,207  tons,  or  133,264  tons  less  than 
in  the  corresponding  portion  of  1901.  But  in 
the  same  eight  months  our  exports  to  the  United 
States  were  211,317  tons,  or  183,360  tons  more 
than  in  the  corresponding  portion  of  last  year. 
America,  therefore,  has  taken  the  place  of 
Germany  as  our  largest  customer,  and  has  even 
purchased  50,000  tons  more.  The  shipments 
of  the  last  quarter  of  the  year  will  bring  out  a 
still  more  striking  increase,  for  numerous  large 
orders  have  been  received  since  the  end  of 
August.  And  besides  this  increase  in  the  exports 
to  the  United  States  there  was  an  increase  of 
17,000  tons  in  the  exports  to  Canada,  due  to  the 
fact  that  the  American  smelters  were  unable  to 
supply  their  Canadian  consumers.  In  the  eight 
months,  then,  America  has  taken  from  us 
200,000  tons  more  pig-iron  than  during  last  year, 
while  Germany  has  taken  133,364  tons  less.  In 
addition,  America  has  received  large  consign- 
ments from  Germany,  and  this  has  caused  a 
further  dearth  in  the  home  markets. 

A  curious  feature  about  these  German  ship- 
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ments  to  the  United  States  is  that  they  include 
some  parcels  of  British  iron  purchased  in  1899 
and  1900,  which  have  remained  in  stock  in 
Germany  ever  since. 

The  actual  amount  of  the  German  shipments  to 
the  United  States  is  not  yet  known.  In  the  seven 
months  ending  July,  1902,  the  imports  of  pig- 
iron  into  the  United  States  were  177,763  tons, 
of  which  141,345  tons  were  received  from  Great 
Britain.  This  left  a  balance  of  36,400  tons  to 
be  derived  from  Germany  and  other  quarters, 
including  Nova  Scotia.  But  since  the  end 
of  July  the  movement  has  been  much  more 
active  ;  and  it  would  probably  not  be  too  much 
to  assume  that  by  the  end  of  September  the 
United  States  had  imported  50,000  tons  of  pig- 
iron  from  Germany,  besides  what  was  taken 
from  Great  Britain  and  Canada.  The  following 
were  the  imports  of  iron  and  steel  to  America 
in  the  seven  months  ending  July,  which  are  the 
latest  figures  available  at  the  time  of  writing  :— 

IMPORTS       INTO     UNITKD     STATES     DURINQ     THE 
SKVKN    MONTHS ,  KNDINQ    JULY,    190S. 


1901. 

Tons. 

1901. 

Tuoi 

Pig-iron 

23,930 

177,763 

Scrap  iron  and  steel 

8,557 

48,650 

Bar  iron 

10,070 

12,391 

Railway  iron        

853 

2M75 

Hoops       

457 

2.739 

Steel  ingots  and  billets  ... 

4.489 

113,264 

Sheets  and  plates 

2,191 

3,891 

Tin  plates 

33,690 

39,669 

Wire  rods 

9,858 

n,i07 

Wire          

2,106 

2,084 

Total 


9<^,25i 


433,035 


A  STILL  QROWINQ  DKMAND. 


These  figures,  however,  only  reveal  the 
beginning  of  the  movement.  More  than  one- 
third  of  the  total  imports  of  the  seven  months 
were  in  July,  In  August  they  were  larger  and 
in  September  larger  still.  The  following  shows 
the  fluctuation  of  the  pig-iron  trade  between 
the  United  States  and  the  United  Kingdom 
during  the  eight  months  ending  August,  1902  :— 


»from 
U.K.  to  U.S. 
Tons. 


Imports  fnin 

U.S.  to  U.K. 

Tons. 


Jan.-Aug.,  1901     ...       27,957       ...     28,387 
Jan.-Aug.,  1902     ...     211,317       ...       8,894 
This  very  strikingly  illustrates  the  change  in  the 
position  as  far  as  America  is  concerned. 
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It  is  also   interesting   to  compare  the  total 
exports  and  imports  of  pig-iron. 

■XPORTS    PROM    AND    IMPORTS    TO    TMK    UNITID 
KINGDOM. 


Exports. 
Tons. 


Imports; 
Tons. 


Jan.-Aug..  1901        ...     583,087     ...      99,757 
Jan.-Aug.,  1902         ...     612,930     ...     165,264 
The  imports  were  thus  divided  : — 

IMPORTS  OP  PIQ-IRON  INTO  THl  UNITKD  KINGDOM- 
KIGHT   MONTHS  INDING  AUGUST. 


From 

Sweden 

United  States... 
Other  Countries 


Jan.-Aug.  1901. 
Tons. 

•  42,897   . 
.   28,387    . 

•  28,473   • 


Jan.-Aug.  1902. 
Tons. 

38,193 

8,894 

118,177 


Total  ...    99,757    •••     165,264 

It  seems  absurd  that  nearly  three-fourths  of 
the  quantity  should  be  described  as  being  from 
**  other  countries  "  ;  and  it  is  to  be  hoped  that 
in  future  the  returns  will  be  recorded  so  as  to 
show  the  sources  of  supply.  In  the  imports 
from  "  other  countries  "  there  is  always  a  small 
quantity  from  Spain,  but  in  the  periods  embraced 
in  the  above  table  the  total  was  swollen  by 
imports  from  Germany,  from  South  Russia,  and 
(especially)  from  Nova  Scotia.  The  undoubtedly 
phenomenal  imports  from  Germany  and  Russia 
are  of  only  a  temporary  nature,  and  are  simply 
due  to  excessive  over-production  in  these 
countries,  in  consequence  of  which  large  quan- 
tities of  accumulated  stock  have  to  be  disposed 
of  at  a  loss. 

The  imports  from  Nova  Scotia,  however,  are 
expressive  of  a  new  development  of  the  industry, 
and  what  is  probably  destined  to  be  a  permanent 
source  of  trade.  At  present  the  United  States 
has  secured  the  output  of  the  Nova  Scotia  fur- 
naces, and  not  much  is  being  shipped  to  this 
country.  But  when  Uncle  Sam's  wants  are 
satisfied,  Canadian  iron  will  again  be  sent  here 
in  larger  quantities. 

Taking  the  whole  year,  the  exports  and 
imports  of  pig-iron  for  the  previous  three  years 
were  : — 

Year. 

1899  ... 

1900 

I9OI 

Therefore,  during  the  first  eight  months  of  the 
present  year  our  imports  were  only  10,000  tons 


Exports. 
Tons. 

Imports. 
Tons. 

1,380,342     ., 

•     171.373 

1,427,525     •• 

•     175.393 

839,223     •■ 

•     195,409 

less  than  the  whole  quantity  imported  in  all  1900, 
and  only  30,000  tons  less  than  the  whole 
quantity  imported  last  year.  It  will  also  be  seen 
that  during  the  last  eight  months  we  exported 
34,843  tons  and  imported  65,507  tons  more  than 
last  year.  The  increase  in  imports  being  nearly 
double  that  of  exports,  there  should  have  been  an 
ample  supply  for  home  consumption  had  other 
things  been  equal.  But  other  things  were  not 
equal.  The  output  has  been  smaller,  and  since 
January  ist  the  stocks  in  the  public  stores  of 
Scotland,  Cleveland  and  Cumberland  have 
been  reduced  by  about  20,000  tons.  America 
has  not  only  been  drawing  pig-iron  from 
us,  but  also  finished  iron,  steel  ingots, 
and  structural  shapes.  Again,  the  inability  of 
American  producers  to  execute  foreign  orders 
has  diverted  some  of  these  orders  to  us.  In  the 
first  six  months  of  this  year  the  exports  of  iron 
and  steel  from  the  United  States  dropped  50  per 
cent.,  and  they  have  receded  still  further  since. 
Our  own  exports  of  all  iron  and  steel  (including 
pig-iron),  in  the  eight  months  ending  August, 
increased  from  1,941,739  tons  to  2,239,300  tons. 
This,  then,  is  where  all  the  pig-iron  has  gone — 
to  supply  not  only  the  needs  of  American  manu- 
facturers, but  also  the  ne^ds  of  the  American 
consumers. 

AMKRIOAN    MANUPACTURIRS    RKLV    UPON     QRKAT 
BRITAIN   AND  GKRMANV. 

And  yet  the  production  of  pig-iron  in  the 
United  States  has  gone  on  increasing,  notwith- 
standing the  strike  of  the  anthracite  miners. 
That  strike  affected  the  output  of  foundry  iron 
in  the  Eastern  States,  and  it  was  for  foundry 
iron  that  American  buyers  first  came  to  Glasgow 
and  Middlesbrough.  It  is  evident,  however,  that 
the  steel  manufacturers  of  America  have  **  bitten 
off  more  than  they  can  chew."  The  demand 
for  structural  material  in  connection  with  huge 
"  sky-scrapers  "  in  the  big  cities,  and  for  rail- 
roads and  bridges,  shipyards,  etc.,  has  proved 
beyond  their  capacity,  and  at  all  events  beyond 
their  capacity  to  supply  from  native  raw  material. 
Thus  they  have  had  to  fall  back  on  British  and 
German  manufacturers  for  their  supplies  of  iron, 
steel  ingots,  slabs,  plates,  and  (latterly)  rails. 

It  was  reported  recently  that  an  American 
shipbuilding  company  had  contracted  for  the 
supply  of  80,000  tons  of  steel  ship  plates  for 
a  Scotch  company.    Although  the   report  was 
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lacking  in  authenticity,  it  is  certainly  remark- 
able that  Americans  should  now  even  talk  of 
building  ships  in  their  yards  with  foreign 
plates,  when  two  years  ago  they  were  threaten- 
ing to  supply  the  world  with  shipbuilding  steel. 

The  same  position  is  also  observable  with 
regard  to  rails.  The  United  States  Steel  Cor- 
poration was  credited  with  ability  to  make 
railway  material  for  all  Europe  as  well  as 
America  ;  yet  American  railway  companies  are 
buying  steel  rails  in  England  and  Germany. 

Despite  the  serious  difficulties  in  connection 
with  the  supply  of  anthracite  coal  and  coke — 
due  very  often  to  delays  in  transit — this  yearns 
production  of  pig-iron  in  America  is  larger  than 
ever.  In  the  first  six  months  of  1902  the  actual 
output  was  8,808,574  tons,  or  equal  say  to 
17,620,000  tons  for  the  whole  year.  Since  then 
the  output  has  been  raised  to  about  1,500,000 
tons  per  month,  and  it  is  estimated  that  by  the 
end  of  the  year  a  total  of  18,000,000  tons  will 
have  been  turned  out. 

OUTPUT  OP  PIQ-IRON  IN  THB    UNITED    STATB8. 

Year.  Tons.  Year.  Tons. 

1897  ...       9,652,680         1900      ...      13,789,242 

1898  ...  11,773,934      1901    -    15,878,354 

1899  ...  13,620,703       1902  (est.)  18,000,000 

Nor  does  18  miUion  tons  represent  the  full 
limit  of  the  producing  capacity  of  the  existing 
plant  J  for  a  monthly  output  of  1,500,000  tons 
was  made  in  September  with  only  272  out  of 
336  furnaces  in  blast.  Were  the  whole  number 
utilised  the  output  might  reach  20,000,000  tons. 
But  is  is  impossible  to  light  all  the  furnaces 
because  they  are  not  all  fit  for  use.  The  supply 
of  ore  is  no  more  than  feeds  the  furnaces  already 
blowing,  and  the  resources  of  the  coke-makers 
and  the  railways  are  taxed  to  the  utmost  in 
providing  the  fuel.  When  the  strike  of  the 
miners  is  over  there  will  be  a  freer  supply  of 
hard  coal,  but  the  effect  on  the  output  of  pig- 
iron  will  not  be  so  great  as  may  be  supposed, 
although,  no  doubt,  it  will  be  important.  But 
withoyut  speculating  on  the  possible  or  probable 
increase,  the  plain  fact  is  that  an  output  of 
18,000,000  tons  will  be  some  1,000,000  tons  short 
of  America's  actual  and  prospective  consuming 
requirements  for  this  year. 

This  large  quantity  the  Americans  are  taking 
in  the  form  both  of  crude  and  finished  material. 
And  in  so  taking  it  they  have  reduced  our  own 


reserves  to  only  about  the  equivalent  of  one 
week'sconsumption  of  the  United  Kingdom.  Not 
only  is  this  so  ;  but  perhaps  three-fourths  of  our 
reserves  are  now  held  by  warrants  on  account 
of  American  manufacturers.  Should  the  pres- 
sure be  accentuated  on  the  other  side  the 
warrant  stores  may  be  swept  away  in  a  week  or 
two.  In  this  case  the  smelters  of  England  and 
Scotland  would  have  no  reserves,  as  they  are 
delivering  to  home  consumers  and  shippers 
almost  as  fast  as  they  can  turn  out  the  material. 

THB  PRKSBNT  POSITION. 

In  America  the  position  seems  to  be  that 
they  do  not  care  what  crude  iron  costs  so  long 
as  they  get  it.  They  must  have  it  in  order  that 
manufacturers  may  fulfil  their  contracts.  A 
Philadelphia  correspondent  recently  reported 
that  there  is  now  less  anxiety  among  consumers 
about  the  ability  of  American  furnaces  to  meet 
their  requirements  in  the  near  future,  as  they 
have  found  good  substitutes  in  Scottish  and 
English  iron,  the  quality  of  which  has  given 
great  satisfaction,  and  which  can  be  promptly 
supplied  as  required. 

It  is  clear  from  this  and  other  indications  that 
America  is  relying  upon  us  to  pull  her  through 
her  present  difficulties  caused  by  the  excessive 
and  perhaps  speculative  development  in  build- 
ing enterprises.  The  Iron  Age  of  New  York  is 
right  in  saying  that  the  American  market  has 
been  the  salvation  of  the  British  and  German 
markets  this  year.  But  may  it  not  also  prove 
their  ruin  ?  "  Ocean  freights,"  says  this  well- 
informed  journal,  "are  lower  than  they  have  been 
for  years,  and  our  enormous  crops  will  divert  ton- 
nage to  our  leading  ports  for  months  to  come,  so 
that  freights  will  be  very  little  more  from  Euro- 
pean ports  than  from  our  own  mills  and  furnaces. 
The  one  dominating  feature  for  the  future, 
therefore,  will  be  large  supplies  of  foreign 
material  for  months  to  come  at  prices  not  higher 
than  those  of  to-day ;  and  in  case  the  home 
production  increases  there  may  be  recessions 
more  or  less  important,  as  a  result  of  the  com- 
petition, which  cannot  be  avoided,  although  it 
may  be  months  before  it  becomes  serious." 

Who  can  say  how  many  months  ?  Before 
the  turn  comes  we  may  have  pig-iron  at  famine 
prices ;  but  when  once  the  consumption  slackens 
in  America  there  will  be  an  appalling  surplus 
there  to  crush  the  world's  markets. 
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I  T  a  time  when  every- 
one engaged  in 
British  manufac- 
turing enterprise  is 
compelled,  nolens 
volensj  to  face 
an  unprecedented 
severity  of  com- 
petition, it  may 
not  be  out  of 
place  to  pass  in 
review  some  of  the  arguments  urged  in  favour 
of  the  modern  **  Trust,"  and  to  consider  how 
far  such  a  combination  is  justified  by  the 
Companies'  Act  of  1862.  Before  that  date  the 
right  to  trade,  except  as  partners,  was  denied, 
and  the  issuing  of  transferable  stock  without 
special  legal  authority  was  a  punishable  offence. 
The  few  companies  whose  operations  were  so 
specially  authorised  by  Parliament  were,  there- 
fore, monopolies,  and  it  was  intended  that  they 
should  be  monopolies,  giving  exclusive  control 
of  industries  without  competition  within  the 
sphere  of  the  granted  rights. 

WHAT    IS    A    "TRUST"? 

A  good  deal  of  discussion  has  been  wasted 
on  the  word  "  Trust.^'  The  term  is  a  misnomer  ; 
but,  having  been  popularly  accepted,  its  loose 
and  indiscriminate  use  requires  explanation. 
The  great  exemplar  of  a  hond-Jidc  Trust  was  the 
Standard  Oil  Trust.  Here  a  large  number  of 
refineries,  called  corporations,  placed  their 
stock,  with  its  voting  power,  in  the  hands  of 
trustees ;  and  thus,  while  enjoying  a  separate 
legal  existence,  each  refinery  was  subject  to  a 


single,  central  control.  But  the  wisdom  of 
American  legislators  decided  that  this  form  of 
Trust  was  a  combination  which  might  lead  to 
restraint  of  trade.  Therefore,  all  such  com- 
binations have  been  abandoned,  and  are  replaced 
by  great  single  companies  or  corporations,  of 
which  the  Standard  Oil  Company  and  the 
United  States  Steel  Corporation  are  the  greatest 
examples. 

There  were  never  at  any  time  more  than  four 
or  five  real  trusts  ;  now  there  are  none.  The 
name,  however,  survives,  and  will  probably 
remain,  because  the  directors  of  these  vast 
concerns  are  undoubtedly,  in  the  highest  sense, 
trustees  of  the  money  of  large  numbers  of 
stockholders.  They  are  also  trustees  having 
collective  responsibilities  with  regard  to 
hundreds  of  thousands  of  employees — heavy 
burdens  that  never  rested  upon  the  smaller 
concerns  whose  businesses  have  been  taken  over. 
Mr.  Archbold,  one  of  the  heads  of  the  Standard 
Oil  Company,  has  given  a  definition  of  the 
word  "  Trust,"  which  has  frequently  been 
quoted  as  a  model  of  perspicuity.  "Trusts," 
says  Mr.  Archbold,  "  are  large  aggregations  of 
capital  for  the  purpose  of  carrying  on  industries. 
How  large  the.  aggregation  must  be  to  con- 
stitute a  Trust,  no  one  knows,  nor  is  it  material, 
since  the  effects  of  aggregation  of  capital  are 
the  same,  be  the  amount  small  or  large." 

The  encouragement  of  trade  rests  upon 
freedom  to  combine  and  freedom  to  compete. 
The  logical  conclusion  of  such  an  alliance  is 
that  competition  is  moved  to  a  higher  plane  by 
seeking  to  increase  manufacturing  profits 
through   an   enlarged   volume   of   transactions, 
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so  that  a  small  profit  shall  yield  greater  returns 
on  a  large  volume  of  business  than  a  large 
profit  on  a  small  volume  of  business. 

ITS    ORO%VTH    IN    THB    UNITBD    STATB8. 

In  the  United  States,  where  the  prevailing 
tendency  has  always  been  to  individual  freedom 
of  action,  the  **  Trust "  has  found  congenial 
soil.  No  doubt,  in  the  early,  unenlightened 
and  non-progressive  days,  many  petty  restric- 
tions were  practised,  but  Government  inter- 
ference never  reached  the  limits  laid  down  in 
England.  On  the  contrary,  the  development  of 
the  natural  industries  of  America  was  fostered 
by  the  wholesale  tariff  legislation  which  has 
achieved  such  remarkable  results.  The  pheno- 
menal and  quite  unparalleled  success  of  the 
Standard  Oil  Company,  formed  in  1873,  naturally 
originated  hostility.  When  has  success  not  had 
this  result  ?  The  men  whose  genius  foresaw 
the  future  of  the  great  petroleum  industry,  and 
whose  indomitable  energy  and  daring  carried 
them  to  success,  despite  the  furious  opposition 
of  their  enemies — whose  name  was  legion — 
deserve  more  than  the  fortunes  they  have  made. 
They  have,  in  the  best  sense,  been  benefactors 
of  mankind.  They  found  a  valuable  natural 
product,  which  was  first  discovered  in 
America  only  in  1859,  and  instantly  devoted 
themselves  to  exploit  its  uses.  Every  one  of 
the  most  important  processes  which  gave  the 
world  the  best  illuminating  oil,  and  the 
numerous  and  beautiful  results  of  treating  the 
bye-products,  was  discovered  by  these  men 
and  their  allies. 

AMBRIOA*S    PROTBOTIVB    TARIFF. 

It  is  a  favourite  argument  of  a  good  many  of 
our  countrymen  that  the  success  of  these 
modern  enterprises  in  America  depends  entirely 
upon  the  protective  American  tariff.  No  one 
will  deny  that  this  has  been,  and  still  is,  par- 
tially true.  The  original  intention  of  the 
founders  of  the  American  tariff — statesmen,  like 
Hamilton  and  others — was  to  give  manufac- 
turing industries  a  chance  to  start.  In  short,  it 
was  proposed  to  restrict  its  operations  to  such 
manufactures  as  were  not  already  established, 
and  that  it  should  be  modified  where  possible. 
For  good  or  for  evil,  the  McKinley  Act  of  1890 
adopted  a  very  different  line  to  that  advocated 
by  the  great  economic  school  which  Hamilton 
practically    founded.       Exactly    one    hundred 


years  before  the  passing  of  the  McKinley  Act 
of  1890,  Hamilton  considered  the  iron  and  steel 
industry  established  in  America,  although  he 
agreed  that  temporary  duties  of  7 J  to  10  per 
cent,  might  be  imposed. 

Twenty-five  years  ago,  the  world^s  output  of 
pig-iron  was  14^  million  tons  per  annum.  Since 
then  the  amount  produced  has  nearly  trebled^ 
the  total  annual  output  being  about  42  million 
tons.  America  has  led  the  way  in  this  increase, 
and  she  is  to-day  producing  more  than  the 
whole  world  produced  a  quarter  of  a  century 
ago.  From  1870  to  1880  the  output  of  steel 
riils  in  America  was  under  3^  million  tons. 
During  the  next  ten  years  she  manufactured 
14^  million  tons,  and  in  the  last  decade  of  the 
century  nearly  16  million  tons.  During  the 
thirty-five  years  which  have  elapsed  since  1867, 
when  America  first  engaged  in  the  manufacture 
of  steel  rails,  she  has  produced  nearly  34  million 
tons,  of  which  nearly  half  were  made  in  the 
last*  ten  years  of  the  nineteenth  century.  She  is 
now  producing  nearly  3  million  tons  annually. 
A  high  duty  on  imported  steel  rails  has  largely 
contributed  towards  the  prosperity  of  the 
industry.  For  the  first  thirteen  years  the  duty 
was  28  dols.  per  ton  ;  but  this  was  reduced  to 
27  dols.,  again  to  13^  dols.,  and  finally  to  784 
dols.  in  1894,  where  it  still  remains.  Notwith- 
standing the  practical  monopoly  secured  by 
this  high  protective  tariff,  however,  the  prices 
charged  to  American  customers  for  steel  rails 
did  not  average  more  than  ;^5  12s.  per  ton, 
and  in  1898  the  price  fell  to  £^  los.  per  ton, 
a  figure  much  less  than  the  average  duty 
charged  from  1867  to  1882.  Indeed,  of  late 
years,  the  prices  of  steel  rails  in  America  have 
been  nearly  the  same  as  in  England.  Had  the 
duties  in  force  for  twenty  years  past  on 
imported  rails  been  paid  by  Americans, 
in  the  absence  of  domestic  manufacture, 
they  would  have  amounted  (plus  ocean 
freight  charges)  to  nearly  700  million  dols., 
or  over  20  dols.  per  ton.  Instead  of 
which,  the  price  fell  in  1898  to  17J  dols.  per 
ton,  or  £^  los.  In  this  case,  the  formation  of 
large  aggregations  of  capital  has  clearly  been  of 
great  benefit  to  the  consumer. 

THB   AMBRIOAN   ATTITUDE. 

Let  us  for  a  moment  consider  the  view  of  a 
typical,  enthusiastic  and  progressive  American. 
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We  can  imagine  him  saying  :  **  The  prices 
American  consumers  pay  for  things  are  not  in 
reality  large,  but  moderate  in  comparison  with 
prices  asked  in  other  countries.  The  strength 
of  the  manufacturer's  business  lies  in  the  enor- 
mous consumption,  and  in  the  fact  that  he  works 
his  factory  as  nearly  as  possible  to  the  limit. 
A  factory  working  at  only  60  per  cent,  of  its 
capacity  makes  the  cost  of  the  articles  produced 
very  high  ;  but,  if  the  same  factory  can  be  run 
at  90  or  even  100  per  cent,  of  its  capacity,  the 
articles  cost  much  less  to  produce.  In  fact, 
the  manufacturer  is  enabled  to  sell  his  goods 
at  the  cost  price  of  articles  produced  by 
factories  working  at  60  per  cent,  capacity,  and, 
at  the  same  time,  secure  a  handsome  profit. 
Moreover,  it  is  a  fact  that  the  articles  sold  at 
cost  abroad  serve  to  keep  the  American  factory 
running  at  full  capacity,  and  therefore  keep  the 
workmen  employed  all  the  time.  The  above 
explanation  is  the  secret  of  Transatlantic  com- 
binations. If  a  firm  has  a  factory  representing 
a  capital  of  100,000  dols.,  capital  investment, 
paying  the  handsome  return  of  21  per  cent., 
and  a  promoter  comes  along  and  offers  300,000 
dols.  for  the  plant,  the  firm  seizes  the  oppor- 
tunity to  sell.  The  promoter,  however,  proceeds 
to  buy  two  other  plants,  all,  let  us  say,  of  the 
same  value  and  the  same  earning  cipacity,  at  an 
expense  of  900,000  dols.,  and  appears  to  have 
an  expensive  investment  in  his  hands.  He 
knows,  however,  that  the  three  factories  pro- 
bably run  about  60  per  cent,  capacity,  and  if  he 
reduces  them  to  two  factories  running  100  per 
cent,  capacity,  he  will  increase  the  net  earnings 
from  63,000  dols,  a  year  to  80,000  or  90,000 
dols.  a  year.  Therefore  he  forms  a  Trust,  or 
combination  company  of,  say,  2,000,000  dols., 
of  which  1,000,000  dols.  are  preference  shares 
at  7  per  cent,  interest,  and  1,000,000  are  common 
shares  of  uncertain  interest.  The  comparison 
between  300,000  dols.  in  intrinsic  value  and 
2,000,000  dols.  nominal  value  seems  extra- 
ordinary, but  experience  has  shown,  owing  to 
the  wonderful  growth  of  the  country,  and  the 
very  remarkable  economies  that  are  obtained 
by  combination  of  like  industries,  that  the 
inflated  nominal  price,  while  discounting 
the  future,  has  rapidly  grown  up  to  intrinsic 
value— the  7  per  cent,  preference  shares  going 
to  a  premium,  and*  the  ordinary  shares,  floated 
generally  at  25  dols.,  going  up  to  60  dols.  or 


more.  The  enormous  amount  of  money  floating 
and  demanding  an  investment  takes  up  these 
shares,  and  the  inflated  combination  holds  over 
its  period  of  trial,  and,  after  a  time,  becomes 
solidified,  and  actually  grows  in  intrinsic  value 
to  1,500,000  dols.  or  2,000,000  dols. 

"The  greater  combinations  are  generally 
spread  until  so  many  thousands  of  people  are 
interested  that  no  ordinary  attack  or  business 
reverse  can  affect  the  conglomerate  whole. 
This  is  the  position  of  the  United  States  Steel 
Corporation.  It  has  so  many  shares,  and  there 
are  such  an  enormous  number  of  people  in- 
terested (not  only  the  shareholders,  but  the 
office  holders  and  employees)  that  it  gathers 
strength  with  its  Very  bigness.  It  is  entrenched 
in  its  position,  and  has  only  to  hold  itself 
together  to  get  bigger  and  sounder,  to  reduce 
prices,  and  to  control  the  world  in  its  line  of 
manufacture.  It  is  the  nearest  actual  approach 
to  Socialism  on  a  common-sense  practical  basis 
that  the  world  has  yet  come  to.  I  do  not  think 
there  is  any  danger  to  the  community  in  such  a 
vast  aggregation,  as  no  man  is  big  enough  to 
wield  its  enormous  power  alone  for  evil,  nor 
can  even  a  set  of  men  do  so  by  conspiring 
together.  It  seems  to  me  a  form  of  lasting 
institution  held  permanent  by  the  interest  of 
men,  for  its  influence  permeates  all  classes." 

TRUSTS    AND    OOMPBTITION. 

What  reason  have  we  to  share  the  view  here 
set  forth  ?  It  is  difficult,  perhaps,  to  see  all  at 
once  that  combination  does  not  destroy  com- 
petition— but  rather  stimulates  it.  The  problem, 
as  it  strikes  the  American  mind,  appears  to  be 
that  great  businesses  are  built  up  by  making 
goods  as  cheaply  and  well  as  possible,  and  by 
never  losing  sight  of  the  fact  that,  having 
created  the  business  by  these  means,  the  next 
thing  to  do  is  to  keep  it,  by  sedulously  practis- 
ing the  same  economies  of  production  in  the 
effort  to  still  further  widen  the  market.  To 
raise  the  price  would  be  to  create  a  boom  and 
ruin  the  business. 

Business,  then,  is  better  than  boom.  Com- 
petition must  exist  under  all  circumstances,  and 
the  greatest  struggles  will  be  between  the 
giant  companies,  which  are  the  centres  of 
enormous  wealth  and  power,  and  of  the  greatest 
mechanical  skill.  -  The  popular  impression 
about   Trusts    in    England  has   far   too  often 
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been  that  they  are  business  Juggernauts, 
crushing  all  competitioh  before  them.  Especially 
has  this  been  urged  against  the  pioneer  of 
Trusts,  the  Standard  Oil  Combination.  This 
great  concern  has  never  been  free  from  compe- 
tition; and  the  maHce  evinced  against  it  for 
many  years  arose  principally  because  it  could 
make  and  sell  petroleum  more  cheaply  than  its 
rivals.  Indeed,  the  amazing  improvements 
effected  in  the  refinement  of  crude  petroleum 
have  largely  come  about  in  consequence  of  the 
vigorous  and  unceasing  competition  of  others. 

Combinations,  or  "  Trusts,''  call  them  what 
you  will,  depend  upon  the  prudent  management 
of  their  affairs  for  their  very  existence.  Directly 
anything  in  the  shape  of  monopoly  or  restraint 
of  free  trading  is  started,  so  soon  will  the  very 
existence  of  the  combination  be  threatened. 
The  American  plan  is  not  so  much  to  seek  the 
highest  price  for  their  goods  as  to  lessen  the 
cost  of  production,  and  to  fix  the  lowest  per- 
centage of  profit  upon  the  largest  volume  of 
transactions.  To  cite  only  a  few  instances,  it  is 
thus  that  America  has  increased  her  export  of 
blue  vitriol  from  4,000  tons  five  years  ago  to 
over  20,000  tons.  Five  years  ago  Great  Britain 
exported  90  per  cent,  of  all  the  blue  vitriol  sent 
to  the  Continent.  America  now  makes  this 
more  cheaply,  and  has  taken  over  half  this 
trade  from  us.  Copper  from  Australia  and 
Japan  comes  to  Liverpool,  and  from  thence  is 
shipped  to  America,  where  it  is  refined,  and 
then  sent  back  to  England.  The  supremacy  of 
this  country  as  a  copper  centre  is  gone. 

It  is  a  significant  fact  that  the  United  States 
Steel  Corporation  has  taken  contracts  to  erect 
large  works  for  other  combinations  which 
oppose  and  compete  with  the  great  Steel  Trust 
itself.  There  cannot  be  any  reason  to  look  for 
monopoly  here,  if  one  combination  is  ready  to 
assist  a  competitor  to  start  by  erecting  his 
buildings  for  him.  The  production  of  the  Steel 
Corporation  last  year  (1901),  compared  with 
the  total  production  of  the  whole  of  the  U.S.A., 
appears  to  be  :  Of  pig-iron,  43-9  per  cent. ; 
of  Bessemer,  and  open-hearth  steel  ingots  and 
castings,  66*3  per  cent. ;  and  of  all  rolled  pro- 
ducts, 50  per  cent. ;  which  figures  show  that 
the  Steel  Corporation  buys  large  quantities  of 
pig  iron  from  their  rivals,  as  their  manufactured 
output  is  not  provided  for  by  their  own  produc- 
tion of  iron  ore  or  pig  iron.     As  a  matter  of 


fact,  there  is  a  steady  increase  of  competition 
with  the  existing  industrial  combinations  ;  and, 
since  the  "  Billion  Dollar  Trust "  was  launched, 
many  new  companies  have  been  started,  with  a 
capital  estimated  at  nearly  150,000,000  dols., 
raised  within  a  few  months.  Over  a  dozen 
have  been  incorporated  in  New  Jersey  this 
year.  The  wealth  gained  in  America  is  con- 
tinually re-invested,  whereas  the  wealth  gained 
in  this  country  is  too  often  spent  in  luxurious 
retirement  from  active  business.  With  her 
unrivalled  mineral  wealth,  America  has  pre- 
sented many  new  openings  for  the  re-invest- 
ment of  rapidly-acquired  wealth,  and  she  will 
present  many  more  in  the  future.  Meanwhile, 
she  has  the  surprising  advantage  of  being  able 
to  ask  every  other  country  in  the  world  the 
question  asked  by  Mr.  Carnegie  in  a  recent 
article — "Can  any  other  country  than  the 
United  States  produce  three  pounds  of  steel 
for  two  cents  ?  " 

Combination  does  not  kill  competition — it 
stimulates  it.  In  this  imperfect  world,  com- 
petition will  take  upon  itself  several  aspects, 
some  unreasonable,  to  the  extent  of  their  being 
"cut-throat,"  and  thus  leading  to  waste  and 
loss.  In  the  latter  sense,  therefore,  competi- 
tion cannot  be  said  to  be  the  life  of  trade. 
There  are  many  shibboleths  in  the  market 
place,  and  this  is  one  of  them.  Without  doubt, 
undue  competition  in  trade  has  caused  indi- 
vidual distress.  So,  also — but  to  a  much  greater 
extent — has  the  want  of  competition.  Com- 
bination and  reasonable  competition  will  not, 
and  must  not,  assume  exclusive  privileges, 
whether  the  purpose  and  effect  of  combination 
is  to  comer  every  article  necessary  to  the 
public,  or  limit  production  and  thereby  enhance 
prices.  Up  to  the  present,  very  large  assump- 
tions respecting  the  disastrous  character  of 
"  Trusts "  have  brought  upon  them  more  of 
denunciation  than  reasonable  inquiry  into  their 
scope  and  usefulness.  Discrimination  must  he 
used,  even  as  between  trusts  and  trusts. 

THB    TRU8T8    AND   THB    TARIFF. 

The  great  question  of  the  American  tariff  and 
the  American  Trusts  will  probably  be  raised,  in 
due  time,  by  the  introduction  of  measures 
calculated  to  allow  reasonable  manufacturing 
profit  on  reasonable  capital.  Tariff  revision 
may  also  arise  from  the  necessity  for  Americans 
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to  take  notice  of  the  retaliatory  action  of  the 
European    Governments.      It    will    be   found 
necessary,  as  a  common-sense  procedure,  that 
Americans  should  retain  their  foreign  markets  ; 
and  if  the  tariff  is  solely  to  preserve  these  out- 
lets, public  and  political  interest  will  in  time 
assert  itself.    The  Industrial  Commission,  which 
sat  so  long  in  America,  was  composed  for  the 
most  part    of  warm    protectionists ;   and  the 
investigations  of  this  body  have  undoubtedly 
cleared  the  air  with  reference  to  the  nature  of 
the  projects  which  have  for  long  governed  all 
party  utterances  in   the  States.     In  short,  the 
views  of  the  Industrial  Commissioners  may  be 
said  to  be  fairly  reflected  in  the  general  tone 
running  throughout  this  article.    The  outcome 
so  far  of  the  proceedings  of  the  Commission  has 
plainly  been  to  induce  a  feeling  in  the  minds 
of  the   Commissioners — bearing    in   mind  the 
enormous    economies    in    manufacture    origi- 
nated by  the   "  Trusts  ''  and  by  the  general 
excellence    of    their     business    arrangements 
(which    are    always  entrusted  to  the  care  of 
recognised  experts) — that  the  "  Trusts  "  could 
still  continue  to  do  business  even  if  the  tariff 
were  reduced,  but  on  more  moderate  capital. 
On   the  other  hand,   the  present    high    tariff 
is  to  some  extent  required  as  a  protection  for 
the  smaller  undertaking,  which  cannot  pretend 
to  compete  with  the  more  economical  methods 
of  the  "Trusts."     It  must  not  be  forgotten, 
however,  that  not  only  are  American  goods  sold 
at  lower  prices  to  foreign  markets,  but  also  that 
they  are  sold  at  varying  prices  in  different  parts 
of  America.   Goods  manufactured  in  New  York 
State,  for  instance,  are  proved  to  have  been 
sold  at  much  lower  prices  when  sent  to  Chicago 
than   they  are  sold   at  home.     The  price  of 
the  same  goods  is  lower  still  when  they  are  sent 
to   Denver,  and  still  more  reduced  when  they 
reach  Utah.     It  is  necessary  to  fix  these  low 
prices,  because  of  the  incidence  of  the  increased 
railroad  rate  and  the  lower  cost  of  delivery  by 
the  local  manufacturers.     It  is,  in  effect,  the 
principle  on  which   sales  at   lower   prices  to 
foreign  countries  are  made. 

HOSTILITY    TO    THB    TRUSTS. 

The  extent  of  popular  hostility  to  the  Trusts 
has  yet  to  be  ascertained.     It  will  probably  be 


found  that  no  actual  hostility  exists  to  these 
modern  combinations,  in  view  of  the  economies 
in  manufacture  and  consequent  lowering  of 
prices  which  invariably  result.  Up  to  the  present, 
all  the  Anti-Trust  legislation  in  America — ^and 
thfere  has  been  a  good  deal  of  it,  extending  over 
many  years — has  practically  proved  futile.  In 
past  years  there  has  been  great  opposition  to 
railway  consolidations  in  America,  and  these 
combines  have  been  fought  over  and  over  again 
most  strenuously.  But  the  system  has  gone  on, 
and  nothing  particular  has  happened,  except 
that  bankrupt  lines  have  frequently  been  re- 
organised. 

Public  feeling,  however  strongly  expressed 
in  America,  has  never  seriously  interfered 
with  the  developments  of  the  great  modern 
railroad  organisations.  Had  the  American 
public  at  any  time  just  cause  to  be  less  satisfied 
than  they  are  now,  because  of  their  loud-tongued 
opposition  ?  It  would  be  hard  to  say  this  was  the 
case.  May  we  not  also  ask  the  reasonable 
question  whether,  if  similar  results  follow  to  the 
customers  and  employees  of,  say,  the  United 
States  Steel  Corporation,  will  merely  academic 
objections  long  retain  their  force  ?  One  thing 
of  which  there  is  not  the  slightest  doubt,  is,  that 
the  Anti-Trust  feehng  throughout  the  vast  extent 
of  America  to-day  is  trifling  compared  with  that 
which  existed  fifteen  or  twenty  years  ago,  though 
the  more  recent  instances  are  on  a  much  more 
widely  extended  scale. 

Concerning  the  principle  of  combination  or 
trusts — call  it  what  we  may — this  was  plainly 
indicated  as  the  evolution  of  a  natural  law 
by  writers  like  John  Stuart  Mill,  many 
years  ago.*  In  the  imperfect  state  of  our 
human  nature  the  interests  of  the  enormous 
forces  recently  created  may  appear  to  be  in- 
creasing in  greater  proportion  than  the  forces 
which  make  for  perfect  equal  justice  and 
public  good  but,  on  the  other  hand,  it  is  a 
far  cry  to  the  millennium.  In  our  country 
the  acute  problem  appears  to  be  not  so  much 
to  organise  Trusts,  as  to  lighten  the  heavy 
burdens  which  manufacturing  industries  have 
to  bear. 


*  See  *' Political  Economy,"  Vol.  I.,  Chap.  9. 
tion  on  a  large  and  on  a  small  scale. 
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Ignoring,  as  neither  scientific 
Silly-season      nor     accurate,     the     romantic 

fictions  about  locomotive  per- 
formances which  have  lately  decorated  the 
columns  of  the  non-technical  press,  it  is, 
nevertheless,  a  fact  that  some  very  fine 
locomotive  work  has  been  done  recently,  both 
in  Britain  and  in  France.  As  for  the  so-called 
"records,"  which  have  been  published  with 
such  prodigal  liberality,  some  are  self-evidently 
impossible  and  absurd.  Others  are  either 
ancient  history  or  fall  far  short  of  feats 
accomplished  seven,  or  fourteen,  or  twenty,  or 
twenty-five  or  more  years  ago,  which  were 
well-known  to  every  educated  person,  although, 
apparently,  not  to  the  "  record-fakers."  In 
most  cases  a  diverting  innocence  of  all  ac- 
quaintance with  the  nature  and  possibilities 
of  locomotive  work  is  unconsciously  dis- 
played by  the  various  writers. 

Those  non-stopping  runs  made 
Long-distance  by  the  Great  Western  and 
Record!.  London  and  North  -  Western 
respectively,  while  very  interesting  and  credi- 
table, did  not  in  either  case  constitute  a 
♦*  record"  in  respect  of  distances  run  without 
stop,  or  of  the  speed  at  which  they  were  run. 
The  King's  Great  Western  special,  from 
Plymouth  to  Paddington,  which  covered  the 
whole  length  of  264I  miles  without  any  inter- 
mediate halt,  and  the  Irish  Viceroy's  London 
and  North-Western  special,  which  ran  from 
Euston  to  Holyhead,  264  miles,  stopping  at  no 
point  midway,  both  fell  far  short  of  the  existing 


British  non-stopping  long-distance  record  of 
299i  miles,  and  still  farther  short  of  the 
American  record,  which  was  achieved  twenty- 
six  years  ago  on  two  successive  days,  viz., 
438^  miles.  In  the  British  case  the  run  was  on 
the  London  and  North-Western,  from  Euston 
to  Carlisle,  and  it  was  made  in  1895.  The 
American  run  was  from  Jersey  City  to  Pittsburg 
and  vice  versa^  and  that  took  place  no  less 
than  twenty-six  years  ago,  viz.,  in  the  year 
1876,  when  on  the  Pennsylvanian  line  a  special 
train  was  run  that  whole  distance  of  438^  miles, 
without  the  wheels  once  ceasing  to  revolve,  in 
10  hours  5  minutes.  This  undoubtedly  remains 
the  long-distance  non-stopping  record  for  the 
whole  world,  and  its  performance  is  absolutely 
vouched  for  by  the  authorities  of  that  railway. 
Nor  is  it  at  all  likely  to  be  soon  eclipsed. 

The  difficulties  which   exist  in 

Diffleultlesof     ^i^Q  yj^y  of  running  these  long 

Lonff-dlsUnee      ,.  .,       ^        i.   li.  -* 

Non-stopping     distances  without  a  halt,  apart 

Runs.  £j.Qjj^     ^^^     ygry    troublesome 

problem  of  keeping  a  clear  road  throughout, 
may  be  summed  up  as  consisting  in  (i)  lubrica- 
tion, (2)  keeping  a  clear  fire,  (3)  water  supply, 
and  (4)  conveyance  of  sufficient  fuel.  Of  these 
the  first  three  have  been  in  some  degree  over- 
come by  the  adoption  of  various  modem 
appliances.  Lubrication  has  not  been  found  at 
all  difficult.  The  fire  trouble  has  been  so  far 
surmounted  as  to  enable  the  runs  to  be  made. 
Water  is  easily  obtained  while  moving,  by  means 
of  the  track-troughs  and  pick-up  scoops.  But 
the  carriage  of  fuel  for  such  long  distances  does 
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constitute  a  very  formidable  obstacle  to  long- 
distance runs.  It  was  managed  on  the  London 
and  North- Western  by  dint  of  very  careful 
packing  on  the  tender,  and  on  the  Pennsylvania 
line  by  taking  a  large  supply  in  the  baggage- 
cars  adjoining  the  tender,  to  which  special  means 
of  access  were  provided. 

But  while  such  performances 
Speotoeular  are,  no  doubt,  interesting,  it  may 
*' Not  Business.*^  be  questioned  whether  they  are 
of  much  practical  value  save  in 
their  spectacular  and  purely  advertising  aspect. 
There  may  be  competitive  cases  in  which  an 
advantage  would  accrue  through  making  such 
runs.  As  a  general  rule,  however,  they  are 
neither  expedient  nor  even  expeditious.  For 
neither  a  locomotive  nor  its  crew  can  possibly 
maintain  freshness  or  keep  in  best  "  form  ^  when 
subjected  to  so  long-protracted  a  strain.  It  will 
be  observed  that  it  has  never  been  deemed 
advisable  to  make  these  extremely  long  non- 
stopping  runs  at  the  highest  speeds.  In  the 
cases  of  the  Royal  and  Viceregal  specials  and 
of  the  Euston-Carlisle  British  record  distance 
run,  the  average  rate  was  only  slightly  over 
50  miles  an  hour.  This  contrasts  strongly  with 
the  daily  work  of  many  trains  that  run  shorter 
distances  without  stop.  The  difference  was 
particularly  noticeable  in  the  case  of  the  Euston- 
Carlisle  run,  which  only  averaged  about  51 
miles  an  hour  ;  whereas  the  same  distance  had 
been  covered  on  the  same  line  only  two  or 
65  miles  an  hour,  with  an  intermediate  stop 
three  weeks  previously  at  an  average  rate  of 
at  Crewe  to  change  engines.  The  truth  is  that 
a  fresh  engine,  a  fresh  fire,  and  a  fresh  driver 
and  fireman  are  very  desirable  every  two  hours 
or  so  on  a  long-distance  journey,  and  it  is  doubt, 
ful  whether  the  game  be  worth  the  candle  when 
exceptionally  long  distances  are  allotted  to  one 
engine  without  change. 


Loeomotiva 
Spe«d-Beeopd8. 


It  was  not  to  be  supposed  that 
the  glorious  company  of  "  record- 
fakers  "  would  fail  to  provide  a 
few  spuriosities  also  in  respect  of  fabulous 
speeds.  But  it  must  be  admitted  that  this 
**  silly  season  "  they  have  attained  to  singularly 
exalted  heights  o'^  *..j?surdity.    They  have  drawn 


with  a  light  heart  on  several  different  countries* 
America  is  credited  with  an  entire  journey  per- 
formed at  the  average  rate  of  "  130  miles  an 
hour  !  "  In  the  light  of  this  latest  "  banger,'' 
the  authors  of  the  old  oft-demolished,  yet  oft- 
revived,  112*5  miles  an  hour  romance  may  well 
hide  their  diminished  heads.  The  French  story 
which  has  gone  the  round  of  all  the  papers 
is  somewhat  peculiar.  The  Boulogne- Paris 
express,  on  the  Northern  Railway  of  France,  is 
alleged  to  have  started  46  minutes  late  and 
reached  Paris  punctually,  the  distance  being 
given  as  "  139  miles  "  and  the  average  speed  as 
"  68  miles  an  hour."  As  the  true  distance  is  158 
English  miles,  all  but  a  small  fraction,  and  the 
time  allowed  is  2  hours  50  minutes,  which 
includes  a  midway  stop  of  5  minutes  at  Abbeville 
for  water,  it  will  easily  be  seen  that  the  average 
speed,  had  46  minutes  really  been  gained  on 
this  booked  running  time  of  2  hours  45  minutes, 
must  have  been  not  "  68  "  but  over  79  miles  an 
hour  ;  moreover  as  three  banks  respectively  for 
4  miles  at  i  in  135,  for  26  miles  at  i  in  250  and 
I  in  333,  and  13  miles  at  i  in  200  have  to  be 
climbed,  while  speed  has  to  be  reduced  to 
walking  pace  through  Amiens  station  and  some 
way  beyond,  the  speed  down  hill  and  on  the 
level  must  have  been  100  miles  an  hour  or  more 
had  the  reported  feat  been  really  accomplished. 
It  is  true  that  Monsieur  du  Bousquet's  splendid 
**  Atlantic  "  type  de  Glehn  compounds  have  been 
tested  at  a  speed  of  145*2  kilometres,  or  903 
miles  an  hour,  but  the  speed  of  the  regular  trains 
is  strictly  limited  by  law  to  746  miles  an  horn- 
on  the  French  Northern  Railway  ;  therefore  it 
was  distinctly  unhkely  that  over  79  was  averaged 
up  and  down  hill,  and  including  two  startings 
and  stoppings,  various  slowings,  and  the  ascent 
of  three  banks.  Since  the  above  was  written, 
it  has  been  ascertained  that  the  time  made  up 
was  sixleen  minutes,  not  "forty-six,"  thus  the 
average  speed  was  about  63  miles  an  hour 
which  is  assuredly  not  a  "  record "  on  the 
French  Northern  Railway. 


The  Midland 
Compound. 


The  British  record  set  up  (in 
print)  had  reference  to  a  per- 
formance by  Mr.  S.  W.  Johnson's 
very  fine  new  three  -  cylinder  compound, 
No.  2631,  on  the  Midland  Railway,  which  was 
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alleged  not  only  to  have  made  the  journey  of 
76I  miles  from  Hellifield  to  Carlisle  in  79  minutes, 
start  to  stop,  but  also  to  have  averaged  769 
miles  an  hour  over  a  considerable  portion  of  the 
distance.  Investigation,  however,  soon  elicited 
that  the  average  over  that  *^  769  miles  an  hour  " 
length  was  exactly  70,  and  also  that  the  79 
minutes  run  from  Hellifield  to  Carlisle,  while 
undoubtedly  accomplished  and  a  very  excellent 
achievement,  was  not  the  "  record "  for  that 
stage,  the  same  journey  of  76I  miles  having  been 
done  some  weeks  previously  in  five  minutes  less 
time,  viz.,  in  74  minutes.  Similarly  it  may  be 
added,  the  alleged  "record"  run  without  stop 
from  Euston  to  Holyhead  had  been  several 
times  done  by  the  first  portion  of  the  Irish  night 
mail  when  that  was  run  in  duplicate. 

Speaking  in  the  name  of  his 
Z'^^KnUS^i^^ous    London     and     North- 

Western  locomotive,  "Charles 
Dickens,"  No.  955,  Mr.  F.  W.  Webb  has  issued  an 
interesting  account  of  that  efficient  little  engine's 
remarkable  career.  Built  in  1882,  she  has  in  the 
course  of  her  twenty  years*  life  covered  the 
amazing  distance  of  2,000,000  miles,  having  run 
daily  from  Manchester  to  Euston  and  back 
throughout  the  whole  of  that  period,  except 
when  in  for  repairs.  Two  "  crews  "  have  worked 
the  engine  on  alternate  days,  one  of  the  drivers, 
Bowden,  having  been  the  same  during  the  entire 
career  of  the  locomotive.  It  is  noteworthy  that 
when  the  morning  up  express  from  Manchester 


to  Euston  was  accelerated  on  June  ist  last  to 
make  the  journey —  via  the  North  Staffordshire 
route  through  the  Potteries  as  far  as  Colvvich— 
in  3  hours  50  minutes,  "  Charles  Dickens  "  still 
hauled  the  train  and  did  it  in  admirable  style 
and  time.  It  is  considered,  however,  that  a 
more  powerful  engine  is  now  needed  owing  to 
the  increased  weight  of  the  accelerated  train, 
and  so  No.  955  is  relegated  to  easier  duties, 
and  one  of  Mr.  Webb's  newest  compounds 
takes  her  place.  If  the  newcomer  cam  in 
twenty  years*  time  show  relatively  so  fine  a 
record  as  **  Charles  Dickens,"  it  will  be  some- 
thing of  which  worthily  to  boast.  It  maybe 
worth  while  to  note  that  every  engine  of  the 
same  class  as  "  Charles  Dickens  "  is  still  at  work 
and  taking  its  full  share  of  some  of  the  heaviest 
and  fastest  service  on  the  London  and  North- 
western line.  Originally  seventy  of  these  loco- 
motives, which  have  6-ft.  6-in.  coupled  wheels 
and  inside  cylinders  17  by  24,  were  constructed 
by  Mr.  Webb  between  the  years  1875  and  1882. 
They  did  so  well  that  he  subsequently  converted 
into  the  same  type  no  fewer  than  ninety-six 
engines  having  wheels  of  the  same  size  and 
similar  general  dimensions,  which  had  been 
designed  by  his  predecessor,  Mr.  J.  Ramsbotton, 
also  ninety  others  which  differ  only  in  having 
wheels  6  in.  smaller.  All  have  done,  and  stiJJ 
do,  exceedingly  good  work,  wonderful  work  in 
fact,  considering  their  small  size  and  limited 
nominal  tractive  force.  Excellence  of  design 
and  construction  tells  strikingly  in  this  case. 


ng 


Digitized  by 


Google 


^^,gA^!rifeWi^*Me^f>MU^W 


PAGES  MAGAZINE 


OUR    MONTHLY 
RESUME 


An    Oltsstrated    Technical    Monthly,  dealing  with  ^e 

Engineering,    Electrical,    Shipbuilding,    Iron  and  Steel, 

Mining  and  Allied  Industries* 

DAVIDGE    PAGE,    Editor. 

Clun    House,  Surrey    Street.    Strand,  Lqndon,   W.C. 

Telephone  No  :  3349  GERRARD. 

Telegraphic  and  Cable  Address:  "SINEWY,  LONDON." 


Editorial. — All  communications  intended  for  publica- 
tion should  be  written  on  one  side  of  the  paper  only, 
and  addressed  to  "  The  Editor^ 

Any  contributions  offered,  as  likely  to  interest  either  hottie 
or  foreign  readers,  dealing  with  the  industries  covered 
by  the  Magazine,  should  be  accompanied  by  stamped 
and  addressed  envelope  for  the  return  of  the  MSS,  if 
rejected.  When  payment  is  desired  this  fact  should 
be  stated,  and  tlie  full  name  and  address  of  the  writer 
should  appear  on  the  MSS. 

Correspondence  is  invited  from  any  person  upon 
subjects  of  interest  to  the  engineering  community.  In 
all  cases  this  must  be  accompanied  by  full  name  and 
address  of  the  writer,  not  necessarily  for  publication, 
but  as  a  proof  of  good  faith.  No  notice  whatever  can 
be  taken  of  anonymous  communications. 


Subscription  Rates  per  Year. 

Great  Britaln—Ia  advance.  12s.   for  twelve   months, 
post  free.    Sample  Copies.  Is.  4d.,  post  free. 

Foreign  and  Colonial  Subscriptions.  16s.  for  t^nreWe 
flBonths«>post  free.    Sample  Copies.  Is.  6d.  post  free. 

Remittances  should  be  made  payable  to  Page's  Magazine,  and 
may  be  forwarded  by  Cheque,  Money  Order,  Draft,  Post  Office  Order, 
or  Registered  Letter.  Cheques  should  be  crossed  "  LONDON  & 
COUNTY  BANK,  Covent  Garden  Branch."  P.O.'s  and  P.O.O.*s  to 
be  made  payable  at  East  Strand  Post  Office,  London,  W.C.  When  a 
change  of  address  is  notified,  both  the  new  and  old  addresses  should 
be  given.  All  orders  must  be  accompanied  by  remittance,  and  no 
subscription  will  be  continued  after  expiration,  unless  by  special 
arrangement.  Subscribers  are  requested  to  give  information  of  luiy 
irregularity  in  receiving  the  Magazine. 


Advertising  Rates, 

All  inquiries  regarding  Advertisements  should  be  directed  to  "  THE 
ADVERTISEMENT  MANAGER,  Clun  House,  Surrey  Street.  Strand. 
Loodoo,  W.C." 

Copy  for  Advertisements 

should  be  forwarded  on  or  before  the  3rd  of  each  month  preceding  date 
of  publication. 


The  whole   of  the  contents  of  this  publication  are 
coprrlght.  and  full  rights  are  reaerred. 


LONDON,  20th  October,  1902. 

The  depressed  condition  of 
^*sKng.*"    shipping  is  having  a  bad  effect 

on  the  shipbuilding  industry, 
the  prospect  of  which  grows  darker  as  the 
winter  approaches.  It  cannot  be  said,  perhaps, 
that  freights  are  unprecedently  low,  because  a 
few  years  ago,  before  the  last  "  boom "  in 
shipping,  they  were  in  many  instances  quite  as 
low  as  now.  But  at  that  time  coal  was  a  good 
deal  cheaper  and  other  expenses  were  lower.  On 
*  the  whole,  it  is  doubtful  if  general  ship-owning 
was  ever  so  unremunerative  a  business  as  it  is  just 
now.  The  result  of  the  over-supply  of  tonnage  is 
excessive  competition  for  employment,  as  most 
managing-owners  seem  to  prefer  running  their 
boats  at  a  loss  to  laying  them  up  until  the  clouds 
roll  by.  Of  course,  the  cessation  of  hostilities 
in  South  Africa  has  freed  a  number  of  vessels 
that  were  engaged  in  connection  with  it.  One 
result  of  the  low  range  of  freights  is  that  more 
iron  i3  being  sent  across  to  America  from  this 
country  than  might  otherwise  have  been  the  case. 
This  drain  of  iron,  and  steel,  and  coal  westwards 
has  had  an  adverse  effect  on  shipbuilders  by 
keeping  up  the  price  of  material  at  a  time  when 
they  would  like  to  reduce  costs  in  order  to 
bring  out  more  contracts.  In  the  North  of 
England  the  output  of  shipbuilding  material  has 
been  sensibly  reduced  in  consequence  of  the 
slackness  in  the  shipyards.  In  Scotland  the 
builders  are  better  employed  on  current  con- 
tracts, but  are  working  through  these  a  good 
deal  more  quickly  than  they  are  securing  new 
work,  to  which,  however,  an  important  addition 
has  been  made,  to  be  presently  noticed. 


Are  more  Dock- 
yards needed  9 


Every  now  and  again  a  cry  is 
raised  of  the  necessity  for 
establishing  Government  Dock- 
yards in  the  North  of  England  and  in  Scotland. 
A  correspondent  of  the  London  Sunday  Sun 
lately  dealt  with  shipbuilding  delays  and  the 
congestion  in  the  Dockyards.     He  says : — 
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The  establishment  of  a  new  >*ard  on  the  East  Coast,  at 
Hull  or  Leith,  let  us  say,  would  l>e  of  obvious  advantage. 
The  naval  power  of  Germany  is  growing.  We  shall 
certainly  have  to  provide  a  North  Sea  squadron — though 
we  may  not  call  it  by  that  name — and  it  will  then  become 
of  infinite  importance  to  base  it  for  coaling,  victualling, 
and  repairs  on  the  coast  facing  the  Teutonic  empire. 
The  establishment  of  a  great  dockyard  is  ostensibly  a 
costly  business,  but  a  fleet  without  proper  bases  is  of 
small  account.  It  would  be  well  if  the  nation  would 
turn  its  mind  away  from  fascinating  expenditure  on 
shipbuilding  to  provide  for  more  prosaic  necessities,  such 
as  dockyards  and  manning.  The  cost  of  a  naval  base 
upon  the  East  Coast — the  money  being  provided  by  loan 
— would  be  a  yearly  sum  for  interest  and  sinking  fund 
about  equal  to  the  price  of  three-quarters  of  a  battleship, 
and  I  think  it  would  be  well  worth  incurring,  even  if  we 
had  to  give  up  a  battleship  a  year  to  pro\-ide  it. 

But  shipbuilders  do  not  want  the  industry 
disturl>ed  by  the  location  of  dockyard  labour 
among  them,  nor  is  the  country  generally 
desirous  of  the  extension  of  the  existing  dock- 
yard system.  The  best  new  work,  and  the 
most  important  repairs  are  done  by  contract. 
There  may  be  political  reasons  for  the  retention 
of  Pembroke,  Devonport,  Portsmouth,  and 
Chatham,  but  there  are  economical  reasons  for 
not  increasing  the  number.  The  finest  ship- 
building tools,  the  biggest  dry-docks,  and  the 
best  shipbuilders  in  the  world  are  to  be  found 
on  the  Clyde  and  Tyne,  at  Barrow  and  Belfast, 
and  in  time  of  war  the  fighting  efficiency  of 
the  fleet  may  depend  on  the  extent  to  which 
they  could  be  used.  Let  the  dock^-ards  be 
reserved  for  repairs. 

The  following  is  the  substance 

„     .  ^  cui.*.*i«-.  o^  ^^^  ^^w  scheme  of  Russian 
Rnssiaii  Shlpptns  ,...,,. 

Bounties.  bounties  for  shipbuildmg.  It 
is  proposed  to  issue  loans  to 
shipowners  to  induce  them  to  build  ships  at 
home  rather  than  have  them  built  abroad,  and 
to  stimulate  the  purchase  of  Russian  ships  built 
of  Russian  material.  This  will  be  accomplished 
by  a  mortgage  on  the  completed  vessel  at  50 
per  cent,  of  the  actual  cost,  without  interest,  for  a 
period  not  exceeding  twenty  years,  repayable  in 
equal  yearly  instalments.  The  cost  is  ascertained 
by  estimating  the  expense  of  building  ships  in 
Russia  according  to  certain  regulations.  The 
amount  of  the  bounty  depends  upon  the  differ- 
ence between  the  cost  of  building  ships  in 
Russia  and  abroad.   The  loans  are  to  be  issued  to 


sea-going  steamships  under  the  following  condi- 
tions:  (a)  Plans  and  specifications  of  ships  must 
be  presented  to  the  Minister  of  Finance  ;  (6) 
the  steamers  must  rank  in  the  highest  class 
according  to  British  Lloyds*  regulations ;  (c) 
the  average  speed  of  boats  of  over  1,000  tons 
register  must  be  not  less  than  ten  knots  on  six 
hours*  trial ;  of  under  1,000  tons,  not  less  than 
eight  knots  at  Lloyds*  lower  load  line.  To  enable 
shipowners  to  repay  the  loans  two  measures  are 
proposed.  First,  the  loans  will  be  for  twenty 
years  without  interest ;  secondly,  the  Govern- 
ment will  bear  part  of  the  expense  of  insurance. 
To  facilitate  the  export  of  Russian  goods  by 
steamers  built  in  Russia  it  is  proposed  to  allow 
a  rebate  of  half  the  expense  for  Russian  coal  used 
on  all  steamers  carrying  less  than  three-fourths 
of  a  full  cargo  on  export  and  one  half  of  a  cargo 
on  import  It  is  estimated  that  the  unavoidable 
calls  made  on  the  Government  Treasury  by  these 
plans  to  foster  home  shipbuilding  will  not  be  so 
large  as  they  would  be  in  case  of  payment  of 
direct  navigation  and  shipbuilding  premiums. 
It  was  decided  that  the  proposals  should  first 
be  published  in  the  press  of  the  Russian 
Empire,  in  order  that  the  authorities  might  have 
the  advantage  of  criticisms  or  suggestions  from 
interested  companies  or  individuals,  but  in  the 
meantime  it  has  been  decided  that  all  Russian 
merchant  ships  shall  be  registered,  and  that 
comparative  statements  of  the  methods  of 
navigation  in  Russia  and  in  other  commercial 
countries  of  the  world  shall  be  compiled. 

# 

The  new  French  law  voted 
SatttM^       affecting  the  granting  of  bounties 

and  premiums  to  the  merchant 
navy  of  France  has  been  promulgated.  The 
Minister  of  Commerce  has  prepared  the  draft 
of  a  Bill  for  the  mail  steamship  routes  between 
France,  the  West  Indies,  Sooth  America,  and 
the  West  Coast  of  Africa,  for  which  subsidies 
are  granted.  Tenders  will  be  invited  for  the 
maintenance  of  these  postal  services,  after  the 
expiration  of  the  present  contracts  at  the  end 
of  next  year.  The  new  contracts  will  be  let  for 
a  period  of  fifteen  years.  All  the  existing  mail 
steamship  lines  between  France  and  the  West 
Indies  and  South  America  will  be  maintained, 
but    the   Minister  proposes  to   create  a  new 
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regular  service  between  France  and  the  North 
of  Brazil  in  order  to  place  France  in  touch  with 
the  basin  of  the  Amazon.  The  existing  service 
between  France  and  West  Africa  will  be  ex- 
tended. More  ports  will  be  called  at,  and 
instead  of  the  chief  port  of  the  Hne  in  France 
being  at  Havre  it  will  be  transferred  to 
Dunkirk,  in  order  to  favour  the  exportation  of 
the  products  of  the  industrial  region  of  the 
north.  Its  terminal  point  on  the  West  Coast  of 
Africa  will  be  at  Matadi.  The  State  subvention 
which  will  be  given  for  the  working  of  these 
lines  will  be  twofold,  an  annual  sum  and  an 
allocation  which  will  vary  with  the  origin,  the 
age,  and  the  tonnage  of  the  vessels  employed, 
in  accordance  with  the  regulations  fixed  by  the 
new  Bill. 

The  New  Zealand  Government 

New  Zealand  and  ^ish  to   establish   direct  steam- 
South  Africa        ,  .  ... 
Service.        ship     service     between     New 

Zealand  ports  and  South  Africa, 
via  Fremantle,  or  an  alternative  service 
between  New  Zealand  ports  and  South  Africa, 
with  permission,  if  necessary,  to  call  at  another 
port  in  Australia  en  route.  They  invited 
tenders  on  the  following  conditions:  There 
shall  be  four  loading  ports  in  New  Zealand  in 
geographical  order,  and  three  ports  of  discharge 
in  South  Africa,  viz.,  Durban,  Port  Elizabeth, 
and  Table  Bay,  the  service  to  be  monthly.  The 
contract  to  be  for  a  period  of  two  or  three 
years,  at  the  contractor's  option.  Steamers  to 
be  fitted  with  refrigerators  to  carry  frozen  meat 
and  dairy  produce.  Steamers  to  be  of  not  less 
than  4,000  tons  measurement,  and  their 
capacity  for  cargo  and  draught  when  they  are 
loaded  to  be  such  as  to  enable  them  to  discharge 
at  wharves  at  above  ports.  Lighterage,  when 
necessary,  to  be  paid  for  by  contractor.  Steamers 
to  have  a  minimum  accommodation  for  thirty 
saloon  and  fifty  steerage  passengers,  and  to 
provide  suitable  space  for  mails.  The  speed  of 
steamers  to  be  not  less  than  11  knots  ocean- 
going, with  penalty  and  bonus  on  scale  to  be 
arranged,  but  not  exceeding  ;^5oo  per  voyage. 
The  rates  for  freight  from  New  Zealand  ports 
to  South  Africa  to  be  not  more  than  as  follows  : 
Wheat,  30s. ;  flour,  30s. ;  barley,  32s.  6d. ;  oats, 
35s.;  bran,  40s.;  potatoes  in  sacks,  40s.;  all  at 
per  ton  weight.    Hay,  oaten  or  meadow,  pressed 


in  bales,  and  potatoes  in  boxes,  both  at  a  ton  of 
50  cubic  feet  measurement,  37s.  6d.  Horses 
and  full  grown  cattle,  £12  los.  each.  Frozen 
meat  and  dairy  produce  at  current  summer  rates 
ruling  between  New  Zealand  and  London,  and 
other  goods  at  rates  current  between  New 
Zealand  and  London.  Maximum  cargo  for 
Fremantle,  which  contractors  may  be  required 
to  carry,  must  not  exceed  one-sixth  of  the 
steamer's  capacity,  and  the  rates  for  freight  from 
New  Zealand  to  Fremantle  must  not  exceed 
those  current  from  Sydney  and  Melbourne  to 
Fremantle  by  more  than  25  per  cent.  Ten- 
ders were  required  to  state  the  period  of 
time  required  before  the  berthing  of  the  first 
steamer  in  New  Zealand,  the  time  to  count  from 
the  date  of  acceptance  of  tender.  Tenders 
were  also  asked  to  state  what  accommodation 
would  be  provided  for  live  stock.  They 
were  also  to  state  the  different  amounts  of 
subsidy  required  per  voyage  for  either  or  both 
services.  Whenever  possible,  and  consistent 
with  ordinary  prudence,  and  before  commencing 
to  load  at  New  Zealand  ports,  the  steamers  will 
be  required  to  callatWestport  for  a  full  supply  of 
bunker  coal,  at  which  port  steamers  will  have 
free  pilotage  and  all  port  charges,  excepting 
light  dues. 

The  increase  in  freight  rates  in 

River  Plate      the  service  to  the  River  Plate, 
Freight  Ring.  ,  .  ,  j       j   j  u     xu 

which  was  decided  upon  by  the 

conference  of  managers  of  steamship  lines  held 

at  Ostend,  and  now  in  force,  will  for  the  present 

be  levied  in  such  a  way  that  primage  of  20  per 

cent,   will   be   collected  in   the  case  of  goods 

charged  for  by  measurement,  and  one  of  20  per 

cent.,  with  an  additional  5  per  cent,  in  the  case 

of  goods  charged  for  by  weight.     The  rate  for 

cement  is  fixed  at  12J  marks  plus  20  per  cent.  • 

for  Buenos  Ayres  and  Monte  Video,  and  at  17 J 

marks  plus    5   per    cent,   for    Rosario.      The 

Germair  steamship  companies  interested  in  this 

trade     are     the    Hamburg    South     American 

Steamship  Company,  the  North  German  Lloyd, 

Hamburg  American     Line,   and    the  Bremen 

Hansa  Line.     A  three  years'  contract  has  been 

concluded,  and  all  the  British  companies  trading 

with  the   Plate   have  joined  the  combination 

with  the  object  of  maintaining  the  freight  rates 

already    fixed.      The    increase    on     outgoing 
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freights  will  partly  compensate  owners  for  the 
lowness  of  return  freights.  The  arrangement 
is  not  a  "Trust,'*  but  a  working  agreement 
such  as  railway  companies  maintain. 

Messrs.  John   Brown  atnd  Co., 
^bIiTu^^^       Ltd.,  Clydebank,  have  received 
orders  to  build  the  only  battle- 
ship to  be  given  out  to  contract  under  the 
1902  Naval  programme.   She  is  to  be  named  the 
Hindustan^  and  will  much  resemble  the  Common- 
wealthy  now  building  by  the  Fairfield  Company. 
Babcock  and  Wilcox  boilers  will  be  fitted  for 
four-fifths,  and  closed-stokehold  forced-draught 
boilers  for    the    remainder.      There    will    be 
eighteen  Babcock  boilers,  having  39,000  square 
feet  of  heating  surface  and  1,120  square  feet  of 
grate  area,  while  the  three  cylindrical  boilers 
will  have  8,100  square  feet  of  heating  surface, 
and  243  square  feet  of  grate,  making  a  total  of 
47,100    square    feet    of    heating    surface  and 
1*363   square    feet    of    grate.      In    the    sister 
ship,    to    be    built    at    Portsmouth,  the    total 
heating    surface    will   be  45,600  square    feet, 
the     difference    being    due    to    the  eighteen 
Niclausse  boilers  having  37,500  square  feet — 
the  cylindrical  boilers  being  in  this  measurement 
similar  to  those  in  the  other  ship.  The  Niclausse 
boilers,  with  1,393  square  feet,  have  more  grate 
area  than    the    Babcock  and   Wilcox  boilers 
mentioned  above,  but  those  of  the  cylindrical 
pattern  have  the  same,  viz.,  243  square  feet. 
The  engines  .ire  to  be  of  the  triple-expansion 
tj'pe,  with  four  cylinders  and  four  cranks,  38  in., 
60  in.,  67  in.,  and  67  in.  diameter,  with  a  stroke 
of  48  in.,  and  a  working  steam   pressure  of 
210  lbs. 


Wliile  Messrs.  John  Brown  and 
^"*Ci^sSr^^  Co.,  Ltd.,  were  signing  the  con- 
tract to  build  the  new  battleship 
described  above,  Messrs,  William  Beardmore 
and  Co,  were  launching  at  Govan  their  first 
contribution  to  the  Navy,  the  Bcnvick,  a  first- 
class  cruiser  of  the  *•  County ''  type,  the  fourth 
vessel  of  this  kind  built  on  the  Clyde,  although  in 
the  same  \-ard  their  predecessors,  Messrs.  Robert 
Xapier  and  Sons,  Ltd.,  built  many  war  N-esscls, 
The  new  cruiscr*s  dimensions  are  as  follows : 
Length  between  perpendiculars,  440  ft, ;  breadth 


moulded,  66ft.;   draught  moulded,  24ft.  6  in.; 
displacement  moulded,  9,800  tons ;    indicated 
h.p.,  22,000  ;  speed,  23  knots ;  boiler  pressure, 
300  lbs. ;  normal  coal  capacity,  800  tons.    The 
vessel  has  side  protection  extending  over  a  length 
of  about  350  ft,,  from  the  stem  to  the  armour 
bulkhead,   which    is    3    in.   thick.      The    side 
armour  is  of  specially  hardened  steel  of  three 
thicknesses,  4!  in.,  3  in.,  and  2  in.,  the  4i-iiL 
armour  extending    forward    from  the  armour 
bulkhead  for  a  distance  of  about  240  ft,  and  the 
3-in.   armour    for  a  distance  of    about   40  ft 
Between  this  and  the  stem  there  is2-in.  nickel- 
steel    armour.      The    protective    deck    proper 
extends   from    stem    to    stern,  and   ranges  in 
thickness  from  |  in.  within  the  range  of  side 
armour  to  2  in.  outside.    This  deck  is  worked 
at  the  lower  edge  of  the  armour,  and  protects 
the  vitals  of  the  ship.    Another  deck,  ijin.  to 
I  in.  in  thickness,  forms  a  crown  over  the  side 
armour  and  armour  bulkhead,  etc.     The  coal 
bunkers  range  along  the  sides  of  the  machinery 
compartments  both  below  and  above  the  lower 
deck  ;    their    normal    coal    capacity     is    800 
tons,  but    this  can  be  doubled  if    necessar)'. 
The  armament  will  consist  of  twin  6-in.  guns,  one 
forward  and  one  aft,  moimted  in  4-in.  barbettes, 
ten  6-in.  guns  in  hard  steel  casemates,  ten  12- 
pounders,  three  3-pounder  quick-firing    gunSy 
eight  Maxims,  and  two  submerged  tubes  for 
i8-in.  Whitehead  torpedoes.      The  propelling 
machinery   (supplied    by    Messrs.    Humphr}'s, 
Tennant  and  Co.,  London)  consists  of  two  sets 
of  triple-expansion  engines  in  separate  water- 
tight    compartments,    each    set    having    four 
cylinders,    working    on     four     cranks,    their 
diameters  being  69  in.,  37  in.,  60  in.,  and  69  in. 
respectively,  with  a  stroke  of  3  ft  6  in.     There 
will  be  an  installation  of  Niclausse  boilers  for 
300.  lbs  working  pressure. 

The  DCisseldorf  Exhibition*  has 

Infloene*  of  the  been  so  often  and  so  carefully 

SSm^      described,  that  it  may    be   of 

interest  to  consider  the  probable 

infiuence  of  the  exhibition  on  German  industries. 

and   the  opinions    expressed    by    the  various 

•  The  Dus^^fldort  Exhibition  was  closed  on  October 
x<h.  It  was  visited  by  4.^^2459  persons  in  alJ,  and 
A  vvnsiderable  surplus  has  been  realised. 
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classes  of  British  engineers  who  have  paid  it  a 
visit.  In  considering  its  influence  on  the  German 
engineering  industry,  it  is  gratifying  to  remember 
that  at  'one  time  England  was,  in  all  things 
mechanical,  the  teacher  of  the  world.  English 
engineers  sank  the  first  coal-pits,  built  the  first 
locomotives,  and  may  be  said  to  have  practically 
laid  the  foundation  of  the  whole  German 
engineering  industry.  At  the  same  time  every- 
thing German  was  for  many  years  commonly 
regarded  as  cheap  and  nasty,  the  phrase  **  Made 
in  Germany  *'  being  looked  upon  in  engineering 
circles  as  a  kind  of  danger  signal.  The  Diissel- 
dorf  Exhibition  has  done  much  to  explode  this 
idea,  and  should  have  opened  the  eyes  of  those 
engineers  who  visited  it  to  the  fact  that  the 
Germans  have  in  many  respects  proved  them- 
selves our  equals.  The  growing  demand  for 
German  machinery  has  been  evidenced  by  the 
large  number  of  orders  placed  by  Englishmen, 
at  the  exhibition,  and  by  numerous  enquiries  for 
tenders  and  specifications  where  the  immediate 
orders  have  not  been  feasible.  This  has  been 
especially  noticeable  in  the  mining  machinery 
department.  The  direct  result,  as  regards  the 
most  important  German  firms  exhibiting,  will  be 
an  ahnost  immediate  increase,  at  remunerative 
prices,  of  their  export  trade,  and  as  the 
home  business  is  at  present  in  an  exceedingly 
slack  state,  this  increase  of  foreign  business  is 
to  them  a  matter  of  vital  importance. 

The  amount  of  business  done  is  not  to  be. 
attributed  to  any  remarkable  novelties  or  epoch- 
making  inventions.  With  the  exception  of  Dr. 
Thompson's  vertical  winding  engine,  the 
Oechelhauser  gas-driven  blast-furnace  blowing- 
engine,  and  the  superheated  steam-locomotive,  it 
is  difficult  to  recall  anything  deserving  special 
mention.  The  causes  for  the  success  of  the 
exhibition  must  therefore  be  looked  for  in  other 
directions,  and  we  shalF  not  be  far  wrong  if  we 
attribute  them  to  the  care  taken  both  in  the 
design  in  the  drawing  offices,  and  the  accuracy 
of  the  workmanship  in  the  shops  of  the  German 
works.  As  regards  cost,  the  difference  between 
the  English  and  the  German  products  is  not 
great,  in  fact,  as  a  rule,  it  is  in  favour  of  the 
English  manufacturer,  but  the  finish  given  to 
the  German  machinery  has  gained  general 
admiration,  and  does  much  to  explain  the  large 


amount  of  business  done.  It  is  not  suggested 
that  English  works  cannot  turn  out  equally 
good  work,  but  it  has  not  been  the  practice  to 
do  so.  "  Show  finish  "  is  not  known  in  German 
workshops,  as  with  a  few  exceptions  all  the 
engines  exhibited  are  exactly  as  usually  supplied 
by  their  respective  makers.  The  largest  amount 
of  orders  appear  to  have  been  placed  with  the 
makers  of  machine-tools,  many  of  these  equalling 
the  most  up-to-date  American  product.  This  is 
especially  the  case  with  regard  to  the  smaller 
classes  of  machine  tools. 

The  exhibition,  which  was  a 
Its  future  Effects,  success  both  from  a  financial 
and  business  point  of  view,  has 
served  to  tide  the  German  engineering  industry 
over  a  period  of  depression  in  their  own 
country,  where  prices  leave  a  minimum  margin 
of  profit,  by  ensuring  them,  for  some  time  to  come, 
a  continuance  of  foreign  orders  at  remunerative 
prices.  It  must  also  be  remembered  that  the  ex- 
hibition is  for  the  most  part  an  exhibition  of  firms 
in  Rhenish-Prussia  and  Westphalia,  and  that  some 
parts  of  Germany  are  totally  unrepresented.  A 
correspondent  who  has  recently  returned  from 
a  lengthy  tour  through  the  Rhenish-Westphalian 
district  states  that  on  all  sides  he  has  heard 
nothing  but  expressions  of  satisfaction  at  the 
success  of  the  exhibition  and  the  prospects  of 
future  business  which  it  has  brought  in  its 
train. 

A  large    number  of  colliery 
°*»iS^hi^ry?^     owners  and  managers  not  only 

visited  the  Exhibition,  but 
also  inspected  some  of  the  most  important  col- 
lieries in  the  neighbourhood,  and  it  may  be  said 
at  once  that  the  German  mining  machinery  was 
the  subject  of  astonishment  and  admiration 
among  those  who  were  new  to  the  German  coal- 
fields. The  completeness  of  the  surface  equip- 
ment, the  arrangement  and  upkeep  of  the  engine 
rooms,  and  the  discipline  and  cleanliness  amongst 
the  miners  called  forth  nothing  but  approval. 
Many  managers  expressed  a  desire  to  follow  the 
example  of  their  hosts,  but  feared  their  EngUsh 
shareholders  would  not  consent  to  such  an 
outlay  of  capital.  Special  interest  was  shown 
in  the  pit-head  gears  and  washing  plants,  which 
are,  perhaps,  the  best  of  their  kind  in  the  world. 
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In  the  ore-mining  department  much  surprise 
was  expressed  at  the  completeness  and  efficiency 
of  the  dressing  apphances  ;  this  being  a  special 
revelation  to  those  mining  engineers  whose 
knowledge  of  ore-dressing  was  limited  to 
Cornish  and  similar  primitive  appliances. 
Special  interest  in  this  branch  was  shown  in  the 
magnetic  separators  ( Wetherill  system)  exhibited 
by  the  Humboldt  Engineering  Works  Co., 
whereby  it  is  possible  to  separate  ores  which, 
owing  to  their  similar  specific  gravity,  it  has 
not,  hitherto,  been  possible  to  separate  by  the 
ordinary  wet-dressing  processes.  Some  of  the 
visitors  evidently  came  over,  not  with  the 
expectation  of  being  able  to  learn  something 
new,  but  more  out  of  curiosity.  They  went 
back  convinced  that,  though  in  some  respects 
they  were  more  than  able  to  hold  their  own,  in 
other  respects  they  had  to  learn  a  great  deal. 

A  provisional  agreement  has 
AmiolSion.  ^^^  signed,  subject  to  the 
sanction  of  the  proprietors  of 
both  companies  and  of  Parliament,  for  the 
amalgamation  of  the  Belfast  and  Northern 
Counties  Railway  with  the  Midland  Railway 
Company.  The  terms  provide  for  the  exchange 
of  debenture  and  preference  stocks  of  the 
Belfast  and  Northern  Counties  for  similar  stocks 
of  the  Midland  Company  producing  an  equal 
return,  while  the  holders  of  each  ;^ico  of 
ordinary  stock  of  the  Belfast  and  Northern 
Counties  Company  will  receive  £220  of  Midland 
2^  per  Cent.  Preference  Stock,  producing  a 
secured  and  permanent  return  of  5^  per  cent. 
per  annum.  It  is  understood  that  the  Irish 
management  of  the  railway  on  the  present 
successful  lines  will  be  continued,  and  that  the 
main  object  of  the  agreement  is  the  develop- 
ment of  cross-Channel  traffic,  both  in  passengers 
and  merchandise,  through  the  Midland  Com- 
pany's new  port  at  Heysham,  near  Morecambe, 
now  rapidly  approaching  completion. 

A  return  has  been  issued  relating 
^""of^wtrtSr  ^°  ^^^  production,  consump- 
tion, and  imports  and  exports 
of  coal  in  the  British  Empire  and  the  principal 
foreign  countries  in  each  year  from  1883  to 
1901  as  far  as  the  particulars  can  be  stated.     It 
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also  contains  statements  showing  the  prodoc- 
tion  of  lignite  and  petroleum  in  the  principal 
producing  countries  for  a  series  of  years.  The 
following  table  shows  what  has  been  the  pro- 
duction of  coal  in  the  five  principal  coal-pro- 
ducing countries  of  the  world  in  1899,  1900. 
and  190 1  : — 


United 
Kingdom. 


I 
Germany,   j     France.     I    Bd0um. 


United 
Statn. 


,  Tons.»            Tons-t           Tons.f           Tons-t 

i8«)9  230.cq5.ooo  I  101,^0,000  i  32,256,000    '  32,072.000 

1900  225,181,000  I  100,290,000  I  32.721,000  23,467,000 

1 1901  219,047.000  I  108.417.000t"  31,613.000!.  22,074,000^ 


Took.* 
a26.554.occ 

34Q.9Mi,ooo 

260,929.000: 


•  Tons  of  2,240  lbs,      t  Metric  tons  of  2,204  lbs. 
figures. 


JProvwioiuJ 


It  will  be  seen  that  the  amounts  produced  in  1901 
were  in  most  cases  less  than  in  the  preceding 
year,  though  the  production  of  the  United 
States  still  continues  to  increase,  and  has  now, 
for  three  consecutive  years,  exceeded  that  of 
the  United  Kingdom.  The  production  of 
Germany  represents  less  than  half,  and  that  of 
France  and  Belgium  together  less  than  a  quarter 
of  the  production  of  this  country.  The  total 
known  coal  production  of  the  world  (exclusive 
of  brown  coal)  is  now  nearly  seven  hundred 
million  tons  (of  2,240  lbs.)  per  annum,  of  which 
the  United  Kingdom  produces  rather  less,  and 
the  United  States  rather  more  than  a  third.  The 
following  statement  shows  the  average  value 
per  ton  of  the  coal  produced  taken  at  the 
collieries,  in  the  five  above-mentioned  countries, 
in  the  year  1900 : 


.       United 
I     Kingdom. 


Germany.  '      France.      I      Belgium. 


United 
States 


i     Per  ton. 

I         s.   d. 


Per  ton. 

%.    d. 


Per  ton. 
u    d. 
12    o^ 


Per  ton. 
s.   d. 
15    iij 


Per  ten. 
s.   d. 
5    Si 


These  averages  are  again  in  all  cases  higher 
than  in  the  preceding  year.  In  Belgium  the 
rise  in  price  amounted  to  4s.,  in  the  United 
Kingdom  to  over  3s.,  and  in  France  to  2s.  per  ton. 
In  Germany  prices  rose  only  by  about  is.,  and 
in  the  United  States  by  only  about  yd.  per  ton. 


The  Council  of  the  Institution 
of  Electrical  Engineers  have 
issued  a  circular  letter,  addressed 
to  the  clerks  of  the  principal 
counties  and  boroughs  of  the  United  Kingdom, 
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in  which  they  have  indicated  the  Institution's 
views  on  professional  etiquette  for  consulting 
electrical  engineers.  The  various  points  decided 
are  as  follows  : — 

1.  No  consulting  engineer  should  solicit 
employment  as  consulting  engineer  verbally, 
by  letter,  by  agent  paid  by  commission  or  other 
wise,  or  by  any  other  means. 

2.  No  consulting  engineer  should  answer 
advertisements  for  consulting  engineers. 

3.  No  consulting  engineer  should  advertise 
for  employment. 

4.  No  consulting  engineer  should  pay  by 
commission  or  otherwise  anyone  who  introduces 
clients. 

5.  No  consulting  engineer  should  receive 
trade  or  other  discount,  or  surreptitious  com- 
missions or  allowances  in  connection  with  any 
works  which  he  superintends. 

6.  A  consulting  engineer  who  is  also  directly 
or  indirectly  interested  in  any  contracting  or 
manufacturing  business  should  inform  his  client 
in  writing  what  his  connection  is  with  such 
contractor. 

The  thanks  of  the  mining  com- 
'  Ore  in  Sight."    munity  are  due  to  the  Council 

of  the  Institution  of  Mining  and 
Metallurgy,  who,  recognising  the  great  import- 
ance to  the  mining  industry  and  to  the  public 


generally  of  the  subject  of  **ore  in  sight,"  a 
phrase  glibly  used  in  mining  reports,  though  it 
may  mean  almost  anything,  have  appointed  a 
committee  to  consider  what  steps  the  institution 
might  usefully  take  in  defining  the  term.  After 
due  consideration  and  discussion  the  council 
came  to  the  following  decisions  : — 

1.  That  members  of  the  institution  should  not  make 
use  of  the  term  "  ore  in  sight,"  in  their  reports,  without 
indicating,  in  the  most  explicit  manner,  the  data  upon 
which  the  estimate  is  based  ;  and  that  it  is  most  desirable 
that  estimates  should  be  illustrated  by  drawings. 

2.  That  as  the  term  "  ore  in  sight "  is  frequently  used 
to  indicate  two  separate  factors  in  an  estimate,  namely : — 

(a)  Ore  blocked  out — that  is  ore  exposed  on  at  least 
three  sides  within  reasonable  distance  of  each  other 
— ^and 

(6)  Ore  which  may  be  reasonably  assumed  to  exist 
though  not  actually  "  blocked  out "; 
these  two  factors  should  in  all  cases  be  kept  distinct,  as 
(a)  is  governed  by  fixed  rules,  whilst  (61  is  dependent 
upon  individual  judgment  and  local  experience. 

3.  That  in  making  use  of  the  term  "  ore  in  sight,"  an 
engineer  should  demonstrate  that  the  ore  so  denominated 
is  capable  of  being  profitably  extracted  under  the  working 
conditions  obtaining  in  the  district. 

4.  That  the  members  of  the  institution  be  urged  to 
protect  the  best  interests  of  the  profession  by  using  their 
influence  in  every  way  possible  to  prevent  -and  dis- 
courage the  use  of  the  term  "  ore  in  sight,"  except  as 
defined  above  ;  and  the  council  also  strongly  advise  that 
no  ambiguity  or  mystery  in  this  connection  should  be 
tolerated,  as  they  (the  council)  consider  that  such 
ambiguity  is  an  indication  of  dishonesty  or  incompetency. 
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WITWATERSRAND    GOLD 
PRODUCTION* 

npHE  question  of  the  future  total  production 
-*•  or  probable  duration  of  the  Witwatersrand 
Goldfields  was  ably  dealt  with  in  a  paper  con- 
tributed to  the  Institution  of  Mining  and 
Metallurgy  on  the  i6th  ult,  by  Messrs.  T.  H. 
Leggett  and  F.  H.  Hatch.  The  paper  is  one 
of  such  peculiar  interest  at  the  present  time 
that  we  quote  from  it  at  length. 

■ARLV    K8TIMATK8. 

In  dealing  with  early  estimates  it  is  noted 
that  Messrs.  Hatch  and  ChaUners  in  1895, 
forecast  a  production  from  the  Witwatersrand 
generally,  within  half  a  centur}*,  of  ;f  700,000,000 
sterling.  For  this  estimate  an  average  milling 
width  of  3  ft.  was  assumed  for  the  whole  Rand. 
The  yield  was  averaged  at  38s.  per  ton,  and  it 
was  assumed  that  the  reef  would  be  worked 
down  to  a  vertical  depth  of  3,500  ft  This 
estimate  was  practically  adopted  by  Professor 
George  F.  Becker,  who  visited  the  Rand  in 
1896. 

Mr.  John  H.iy>  H.immond,  in  a  jxiper  on  Gold  Mining 
in  the  Transwul,  read  at  the  Richmond  Meeting  of  the 
American  ln<limie  of  the  Mining  Engineers  in  Februan*, 
1001.  estimates  a  total  production  from  the  centnil  section 
ot  the  Rand  of  £f<x\ooaooo,  and  from  the  east  and  west 
s*.vtion>  o:  ^"ax\ooo.ooo,  in  all  ^.^iocooaooa  and  further 
puts  "  the  future  durativ'jn  of  prohtable  oj^erations  on  a 
Urge  scale  \u  the  di>lrict  at  less,  rather  than  more,  than 


25  years.*'*  But  as  Mr.  Hammond  assumes  that  profit- 
able mining  will  be  carried  on  to  a  depth  of  6,000  ft.,  and 
states  that  "there  are  no  factors  operating  against  mining 
on  the  Witwatersrand  to  a  depth  of  at  least  8,000  ft  verti- 
cally," this  estimate  of  the  total  production  seems  under 
the  mark. 

More  sanguine  views  as  to  the  probable  total  produc- 
tion arc  held  by  Mr.  W.  Bleloch,t  who  estimates  the 
"  gold  available  for  practical  mining  in  the  area  between 
Randfontein  on  the  west  and  Holfontein  on  the  east,"  at 
2,871  millions  sterling.  In  this  estimate  the  vertical  depth 
to  which  mining  will  be  carried  is  put  at  7,000  ft.  for  the 
richer  central  section  of  the  Rand ;  at  3,000  ft.  for  the 
Yogelstruis  to  Paarl-Central  section ;  and  at  6,000  ft.  for 
the  remainder.  This  estimate,  it  will  be  seen,  is  three 
and-a-half  times  as  great  as  Mr.  Hammond's.  The  truth 
probably  lies  somewhere  between  these  two  extremes. 

THK    MKTHOD    OP    ESTIMATINa. 

In  their  endeavour  to  arrive  at  a  fair  estimate, 
the  authors  assumed  that  the  Main  Reef  series 
could  be  worked  to  a  vertical  depth  of  6,000  ft. 
They  found  it  necessary  to  divide  the  total  area 
under  consideration,  viz.,  from  Randfontein  in 
the  west  to  Modderfontein  in  the  east  inclusive, 
into  sections,  in  order  to  give  due  weight  to 
variability  in  yield  and  reef  thickness. 

The  sections  are  the  following  : — 

No.  I.  Randfontein  '*  A  "  Block  inclusive  to  Luipaardsvlei 

tWest  Boundarx). 
„    2.  Luipaardsvlei   (West  Boundary)  to  Grey's  Myn- 
pacht,  inclusive. 


.\':m*s  fn  :kf  K*»d     p.  ^  : 


M.»civ...".ai;  and  Co. 


•  On  ihr^  njjuTTCS  it  arrears  that  Mr.  Hanuxxmd  assumes  aa average 
annual  prv^ducticn  tor  the  next  ^5  years  of  ^^SDOoooooodiTidcilby.iS 

t  •   Tkr  Xc:r  S0aUi  .i  »rrc«.''    LoodoQ.  W.  Hcinenuum.  1901. 
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No.  3.  West  Roodepoort  to  Durban  Roodepooct,  inclusive. 

„     4-  Kimberley  Roodepoort  to  Bant jes        ...  do. 

„     5.  Aurora  West  to  Paarl  Central    do. 

„     6.  Langlaagte  Royal  to  Crown  Reef         ...  do. 

.,     7.  Johan nesburg  Pioneer  to  City  &  Suburban  do. 

„     8.  Meyer  and  Charlton  to  George  Goch  ...  do. 

„     9.  Henry  Xourse  to  Jumpers  do. 

„  10.  Treasury  to  Olencairn      do. 

„  II.  Knights  of  Balmoral        do. 

„  12.  Ginsberg  to  Blue  Sky      do. 

„  13.  Chimes  West  to  Modderfontein  Extension  do. 


For  each   of    these  sections    the    following 
factors  were  to  be  determined  : — 

{a)  Average  length  of  reef  in  feet  along  the  strike. 

(6)  Average  **  backs"  (or  length  along  the  dip),  in  feet, 
down  to  a  vertical  depth  of  6,000  ft. 

(f)  Average  milling  width  in  feet. 

{(i)  Average     percentage     deduction     for    unpayable 
ground,  dykes,  safety  pillars,  &c. 

[c)  Average  yield  per  ton.  in  pounds  sterling. 

The    estimated    total    production    of   gold  in  pounds 
sterling  for  any  section  then  is — 


(a  X  b  X  c 
I         12 


=rf]  X  € 


Average  Yields. 

The  following  table  shows  a  tonnage  crushed 
and  the  total  value  of  the  yield  for  the  mines 


comprised  in  each  section  ;   also  the  average 
value  per  ton  milled — in  short,  factor  e  : — 

Average  Yields,  18941-1899. 


Q»/.»a/^«          Total  Tons          Total  Value. 
SecUon.             ^^^^                       ^ 

1 

Value  per 

Ton  Milled 

s. 

Number 
of  Mines. 

1                             1 

No.  I     ...1         727.107         1,343.310 

2  ...|         973.140         1,733,655 

3  ...       1,422,840  (      3,049,769 

4  ...          178,440  ,         221,370 

5  ..-I      1,465,358         2,103,989 

6  ...       3.030,500          5,770,070 

7  ...       4,405,416        12,237,864 

8  ...       1,752,838          2,827,816 

9  ...       1,994,712          4.581.111 

10  ...       6,808,877        12,159,848 

11  ...         624,581   1          862,451 

12  ...       1,059,888          2.334,042 

13  ...       1,378,164         2,095,770 

36-95 

35-62 

42-87 

24-81 

28-72 

38-13 

55-56 

32-27 

45*93 

35-72 

27-62    1 

44-04 

30-41 

4 
9 
6 
2 

8 

5 
12 

4 
5 
II 
2 
4 
5 

Totals...,    25,821,861   1^:51,328,065 

1 ^" 

3976s. 

77 

The  figures  given  above  are  for  the  Main 
Reef  series  only,  and  do  not  include  yields 
from  the  Kimberley  Battery,  Rietfontein,  Black, 
or  other  reefs,  nor  from  any  of  the  outlying 
districts,  such  as  the  Nigel,  Heidelberg,  or 
Klerksdorp. 

The  Estimate. 

The  following  table  gives  the  estimated  total 
production  for  each  section  :  — 


Xo.: 


Sectio.v. 


Extent. 


Length 
along 

Reef  in 
MUes. 


Randfontein    "A"    Block,  inclusive,  to  West  Boundary  of 

Luipaardsvlei      

West  Boundary  of  Luipaardsvlei,  to  Grey's  Mynpacht,inclusive 
West  Roodepoort  to  Durban  Roodepoort,  inclusive 
Kimberley  Roodepoort  to  Bant  jes,  inclusive     ... 

Aurora  West  to  Paarl  Central,  inclusive 

Langlaagte  Royal  to  Crown  Reef,  inclusive 
Johannesburg  Pioneer  to  City  and  Suburban,  inclusive 
Meyer  and  Charlton  to  George  Goch,  inclusive 

Henry  Nourse  to  Jumpers,  inclusive        

Treasury  to  Glencairn,  inclusive 

Knights  to  Balmoral,  inclusive     

Ginsberg  to  Blue  Sky,  inclusive    ...  

Chimes  West  to  Modderfontein  Extension,  inclusive 


Banks  and  Customs  Works,  etc. 


Totals  . 


5464 
4924 
2273 

3324 
5-39« 
1-553 

2- 600 
1756 
2- 197 
3750 
1-572 
4-015 
8049 


I 


Estimated 

Total 
Production. 


124,376,000 

115,847,000 
33,059,000 
18,197,000 
97,606,000 
99,765,000 

231,546.000 
52,713,000 
94,705,000 

213,423,000 
24,180,000 

107,112,000 
97.794,000 


j      Amount 

already  ' 
I  Produced  to  1 
iDec.  31st,  1902  ' 


I 

e 

i»627,637 
2,192,840 
4,347,032 
285,710 
3.410,320 

9,125,945 

20416,707  I 

4,061,352  ! 

5,934.616  I 

16,606,250  ' 

999,794  I 
2,462,667  I 

2,767,645 


EsUmated 

Future 
Production. 


£     ^ 

122,748,363 

113,654,160 

28,711,968 

17,911,290 

94,195,680 

90,639,055 

211,129,293 

48,651,648 

88,770,384 

196,816,750 

23,180,206 

104,649,333 
65,026,355 


:i:i,236,o84,485 
2.523,776  2,523,776 


46875  ;f  1,3 10,323,000  X7()^7t2a9^  1:^1,233,560709 
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QROWTH,    MAXIMUM,    AND    DKCUNK. 

In  conclusion,  the  authors  say : — 

If  it  be  safe  to  make  any  deduction  as  to  the  probable 
duration  of  mining  operations  upon  a  large  scale  from 
the  foregoing  figures,  we  must  assume  that  the  annual 
production  will  increase  for  a  few^  years  to  a  maximum, 
which  will  be  maintained  for  a  second  period,  and  that 
there  will  then  be  a  third  period  of  decline.  For  the 
three  years  preceding  the  war,  the  average  increase  of 
production  was  at  the  rate  of  ^^4,000,000  per  annum  ;  the 
production  for  1899  being  at  the  rate  of  about  ^£19,000,000. 
Allowing  18  months  from  January  ist,  1902,  a  similar 
increase  of  production  will  bring  the  output  to  at  least 
;f30,ooo,ooo  per  annum  by  June  30th,  1906,  and  if  this 
rate  of  production  were  to  be  maintained  from  then  on, 
the  total  production  of  £1,233,560,709  would  give  a  life 
from  January  ist,  1902,  of  42^  years.  But  as  the  pro- 
duction will  decline  gradually  instead  of  coming  to  a 
sudden  stop,  the  life  of  the  industry  is  likely  to  be  pro- 
longed for  some  considerable  number  of  years  beyond 
the  period  indicated.  If,  on  the  other  hand,  the  annual 
output  should  exceed  £30,000,000  for  any  considerable 
period,  as  is  perhaps  within  the  bounds  of  possibilityi 
this  would  partially  offset  the  extension  of  life  due  to  the 
gradual  decline  of  production. 

It  is  possible  that  the  yield  from  certain  sections  may 
not  be  as  great  as  the  estimated  amounts  shown  in  the 
table,  and  again  these  amounts  may  be  exceeded  in 
other  sections.  Further,  it  must  be  borne  in  mind  that 
this  estimated  total  yield  is  vitally  dependent  upon  mining 
being  carried  on  to  a  vertical  depth  of  6,000  ft. 
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OUR    FUEL    SUPPLIES- 

nr^HE  subject  under  consideration  at  the 
-*•  opening  meeting  of  the  Session  1902-3  by 
the  Institute  of  Marine  Engineers,  was  that  of 
fuel  supplies  and  their  use  for  engineering  pur- 
poses, a  paper  of  considerable  interest  being 
contributed  by  Mr.  James  Adamson,  the  Honorary 
Secretary  of  the  Institute.  He  remarked  that 
the  increased  and  increasing  demands  all  over 
the  world  for  coal  were  tending  to  enhance  its 
value,  and  at  the  same  time  to  induce  thoughts 
of  its  exhaustion.  The  question  then  arose  : 
How  were  we  to  conserve  our  supplies  and  how 
supplement  them  by  the  substitution  of  another 
fuel,  bearing  in  mind  the  fact  that  almost  daily 
new  factories,  locomotives  and  steamships  were 
being  started  as  users  of  coal  ? 

THK    AVAILABLE    COAL    SUPPLY. 

At  the  present  time  many  steamships  used  fully  one  ton 
of  coal  per  mile  run,  and  it  would  appear  that  none  too 
soon  a  Royal  Commission  had  been  appointed  to  investi- 
gate the  subject  in  all  its  bearings.  The  amount  of  coal 
brought  forth  in  the  Cnited  Kingdom  in  the  year  1886 
was  157.518,482  tons,  while  in  1900  the  amount  produced 


was  225,181,300  tons,  being  an  increase  of  67,662,81^*  ton^ 
equal  to  42  percent.  The  value  of  the  coal  at  their  phtt  il 
output  was  ;f  38,145,930  in  1886  ;  in  1900  the  total  vahic  i-^ 
risento  ;f  121,652,596,  being  an  inaease  during  the  lourtca 
years  of  ;t83,5o 3,666,  or  219  per  cent.  The  mean  zxcn^ 
value  based  on  the  foregoing  figures  showed  that  in  i^. 
41  tons  of  coal  could  be  purchased  for  £1,  whilst  in  luoo 
only  i'8  tons  could  be  purchased  for  the  same  monct. 
In  other  words,  one  ton  of  coal  in  1886  cost  4s.  io|Hi, 
but  in  1900  the  same  amount  cost  us.  ij^d.,  an  inc^ea^eot 
6s.  2|d.  per  ton.  Considerable  interest  also  attached  to 
the  figures  relative  to  the  exports  of  coal  and  patent  feci 
during  the  years  1886-1900.  In  1886  23,283,389  tons  were 
exported,  whilst  in  1900  the  amount  of  exported  fuel  hid 
risen  to  46,098,228  tons,  an  increase  in  fourteen  year*  '4 
22,814,839  tons,  or  98  per  cent.  The  value  in  iSW)  t 
exported  coal  and  patent  fuel  was  8'32s.  per  Um 
in  1900  the  value  had  risen  to  16-525.  per  ton,  ii 
increase  of  92  per  cent.  It  was  a  sale  presuinp!>'u 
that  most  nations  were  increasing  their  consumplur, 
some  of  them  in  greater  ratio  than  our  own  couutn 
Coal  was  found  in  almost  every  land,  and  in  var>ia;; 
qualities,  Welsh  coal  being  a  standard  approximated  t  ^ 
more  or  less,  by  the  best  of  other  lands,  but  owinji  '■ 
its  special  qualities  for  steam-raising  purposes  its  vajct 
was  always  in  advance.  In  South  Africa  recently,  Naal 
coal  was  29s.  per  ton,  and  Welsh  coal  36s.  At  bcvtrii 
ports  where  formerly  Welsh  coal  was  used  it  lui 
been  superseded  by  native  coal,  owning  to  the  Wei  ^ 
coal  reaching  a  price  which  was  beyond  the  equiu- 
lent  value  of  the  native  article.  This  vras  especuU) 
the  case  in  Australia,  China,  Japan,  India,  Amcnci 
and  South  Africa,  According  to  the  mean  of  varioL^ 
approximate  computations,  our  stock  of  known  a-al- 
ftelds  would  last  for  about  400  years.  Since  then 
computations  were,  made,  the  consumption  and  ootfu: 
had  materially  increased,  and  if  it  continued  to  iocrca^c 
the  end  would  approach  all  the  more  rapidly,  the  priu 
increasing  as  the  coal  became  scarcer.  The  appointnicc: 
of  a  Royal  Commission  to  investigate  and  consider  the 
whole  question  of  the  country's  fuel  supply,  the  methf^i^ 
of  using  same,  with  a  view  to  economy,  and  to  disa^va 
what  classes  of  fuel  could  be  substituted  for  coal,  showt ; 
that  the  Legislature  considered  it  advisable  to  take  stxix 
steps  in  the  matter. 

POSSIBLE  RESTRICTIONS  OP  COAL  OONSUMPTIOM. 

Discussing  the  various  methods  of  restrictinj; 
the  consumption  of  coal  without  violating  any 
principle  of  right  or  of  political  economy,  Mr. 
Adamson  named  the  following  : — 

(1)  Economising  in  the  burning  of  coal ;  (2)  adoptuu 
the  best  methods  of  utilising  the  products  of  combustion 
(3)  utilising  to  the  best  advantage  the  elements,  whether 
steam,  water,  or  electricity,  brought  into  service  fr'>jr 
the  fuel ;  (4)  maintaining  in  the  highest  etticiency  tht 
machinery  whose  motion  is  directly  due  to  the  fuel  u*^ 

(5)  testing  and  adapting  other  fuels  as  substitutes  for  coal 

(6)  testing  and  utilising  the  refuse  heaps  from  raice^. 
where  such  exist,  for  use  in  certain  purposes  whije  43 
evaporative  power  was  not  of  such   moment  as  in  1 
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<-teamship ;  and  (7)  experimenting  with  and  testing  the 
refuse  from  sewage  works  with  a  view  to  making  use  of 
the  combustible  portions.  Various  schemes  had  been 
brought  forward  from  time  to  time  to  use  our  water  power 
both  river  and  tidal,  to  a  greater  extent.  There  was  no 
no  doubt  that  wherever  possible  water  power  should  be 
utilised.  Heads  of  water  were  now  made  use  of  for 
generating  electric  plant  in  some  parts  of  the  country, 
and  its  greater  use  should  be  encouraged  for  economic 
reasons. 

PKAT    CHARCOAL. 

Mr.  Harrison,  after  describing  the  experiments 
which  were  made  some  years  ago  with  a  view 
to  produce  peat  charcoal  for  commercial  pur- 
poses, having  regard  to  its  fitness  for  smelting 
works,  pointed  out  that — 

So  far  as  could  be  ascertained,  the  circumstances 
which  prevented  the  manufacture  of  peat  charcoal 
and  fuel  as  a  commercial  success  were  the  cost  of 
production  and  the  want  of  sufticient  capital  and 
enterprise  to  carry  the  venture  to  a  successful  issue. 
Possibly  with  fresh  Hght  thrown  on  the  best  and  most 
economical  process  for  the  manufacture  and  treatment  of 
the  peat,  success  might  now  attend  their  efforts  where 
failure  previously  obtained.  Ihe  analysis  of  the  test 
sample  of  peat  charcoal  resulted  as  follows  :  Carbon, 
79*54  per  cent.  ;  ash,  3*51  per  cent.  ;  sulphur,  0*46  per 
cent.  ;  volatile  matter  at  red  heat,  6*84  per  cent.  ;  and 
moisture,  971  per  cent.  The  sample  tested  had  been 
prepared  in  the  laboratory*  of  the  chemist  to  find  out 
what  process  would  be  necessary  to  prepare  the  peat  for 
the  market,  the  most  suitable  plant  for  preparing  it,  and 
the  probable  cost.  On  further  drying  the  test  sample  the 
carbon  was  increased  to  88*63  per  cent.,  and  the  sulphur 
reduced  to  0*44  per  cent.  For  smelting  and  forging  pur- 
poses a  fuel  with  so  small  a  percentage  of  sulphur  was 
very  desirable.  Save  for  the  large  percentage  of  moisture, 
the  extraction  of  which  was  one  of  the  difficulties  in 
preparing  peat  fuel  for  the  market,  peat  charcoal  stood  in 
a  good  position  relatively,  in  so  far  as  the  analysis  went. 
If  they  took  the  price  of  coal  at  the  time  the  experiments 
were  made,  and  the  price  at  the  present  day,  they 
would  be  able  to  see  the  difference  in  the  relative 
commercial  .values,  and  be  able  to  gauge  to  some  extent 
the  prospect  of  peat  being  now  introduced  with 
success.  The  estimated  cost  of  peat  charcoal  containing 
0-44  per  cent.  o£  sulphur  was  80s.  per  ton.  In  1889  the 
estimated  cost  of  coke  containing  0*9  per  cent,  of  sulphur 
was  14s.  per  ton,  whilst  coal  containing  0*5  to  0'6  per 
cent,  of  sulphur  was  7s.  per  ton.  In  1902  the  cost  of  coal, 
with  a  smaller  percentage  of  sulphur,  suitable  for  smelting 
purposes,  was  los.  6d.  screened,  and  8s.  6d.  unscreened. 
.\s  time  went  on,  and  improved  methods  of  dealing  with 
peat  were  discovered,  the  cost  of  coal  also  increasing,  the 
relative  prices  of  peat  charcoal,  coal,  and  coke  would 
approximate  to  one  another  more  closely.  The  bye- 
products  obtainable  from  peat  showed  that  one  ton  pro- 
duces 13,000  cubic  feet  of  gas  free  from  sulphur,  16  lb. 
acetic  acid,  46  lb.  wood  naphtha,  20  lb.  sulphate  of 
ammonia,  12  lb.  paraffin  wax,  and  a  quantity  of  tar.  By 
a  recently  patented  process  for  the  compression  of  the 


peat  fibres  and  extraction  of  the  moisture,  the  time  and 
machinery  necessary  had  been  greatly  reduced.  It  was 
hoped  that  in  the  near  future  a  preparation  of  peat  would 
be  available  for  steam  purposes  at  little  more  than  half 
the  price  of  coal,  with  a  stowage  capacity  only  slightly  in 
excess  of  coal,  and  of  very  little  less  calorific  value. 

In  the  course  of  the  evening's  discussion,  the 
Chairman  (Mr.  M'Laren),  said  he  would  have 
liked  to  hear  more  from  Mr.  Adamson  regarding 
liquid  fuel,  which  was  now  all  the  rage.  Mr. 
G.  W.  Newall  remarked  that  attention  had  been 
drawn  to  the  question  whether  a  ship  of  a  few 
thousand  tons  might  not  be  propelled  across  the 
ocean  by  electricity.  The  dream,  or  rather  the 
ideal,  of  the  electrician  was  to  use  a  generator 
ashore,  and — if  it  might  be  so  expressed— to 
have  a  sympathiser  on  the  ship ;  then  to 
transmit  through  the  ether  electric  force  under 
the  control  of  the  men  on  the  vessel,  and  so 
work  the  engines  without  the  use  of  coal  at  all. 


STANDARDISATION  OF  PIPE 
FLANGES  AND  FLANGED  FITTINGS. 

COME  time  ago  a  paper  on  the  dimensions  of 
^  flanges  for  steam-pipes  and  the  standardisa- 
tion of  pipe  flanges  and  flanged  fittings  was  read 
by  Mr.  R.  E.  Atkinson  before  the  Institution  of 
Mechanical  Engineers.  The  Institute  of  Marine 
Engineers  were  invited  to  give  the  subject  their 
attention  and  transmit  to  the  Institution  of 
Mechanical  Engineers  the  results  of  their  dis- 
cussion, to  aid  that  institution  in  arriving  at 
suitable  standards.  Accordingly,  at  a  recent 
meeting  of  the  Institute  of  Marine  Engineers,, 
a  paper  on  the  subject  was  read  by  Mr. 
Ruthven,  who,  in  the  course  of  his  remarks, 
emphasized  the  importance  of  interchangeable 
fittings. 

It  was  well-known  that  no  two  makers  supplied  inter- 
changeable fittings ;  the  most  to  be  looked  for  was  that  a 
maker  would  always  stock  fittings  that  would  fit  when 
they  supplied  the  original  parts.  For  the  buyers  it  would 
be  of  great  value  if  they  could  at  once  purchase  fittings 
that  would  take  the  place  of  broken  pieces.  Whether 
this  would  be  equally  to  the  advantage  of  the  makers  was 
another  question.  He  was  of  opinion  that  if  buyers 
desired  interchangeable  flanged  pipes  and  fittings  they 
would  have  to  employ  inspectors  to  test  and  mark  them, 
in  the  same  way  as  was  done  with  standard  weights  and 
measures.  In  adopting  any  standard  for  this  purpose  it 
was  evident  that  fittings  would  be  too  heavy  in  the 
majority  of  cases.  Fittings  that  were  required  for 
work  at  100  lb.  pressure  would  be  too  heavy  for 
10  lb.    pressure,    and,    consequently,    the    weight    and 


Digitized  by 


Google 


598 


Page's  Magazine. 


price  would  be  heavier  than  if  the  fittings  were  made 
specially  for  the  job.  If  buyers  of  steam  fittings  would 
decide  to  buy  irqm  one  maker  only,  there  need  be 
no  difticufty,  for  under  these  circumstances  any  of  our 
great  makers  could  arrange  to  have  their  goods  pro- 
curable in  all  the  chief  ports,  and  soon  the  smaller 
makers  would  be  obliged  to  follow.  He  thought  this 
would  be  the  quickest  way  to  get  a  universal  standard- 
The  chief  points  for  discussion  were  (i)  Should  the  dia- 
meters of  flanges  be  one  diameter  for  each  size  for  all 
pressures  ?  (2)  Should  the  number  of  bolt  holes  for  each 
size  be  constant  ?  and  (3)  the  question  of  the  position  of 
the  bolt  holes  for  all  sizes.  Regarding  the  number  of 
bolt  holes,  the  author  of  the  paper  read  before  the 
Institution  of  Mechanical  Engineers  was  of  opinion 
that  the  number  should  in  every  case  be  divisible  by 
four,  and  that  the  holes  should  be  drilled  off  the  centre 
line  of  valve  or  fitting,  and  symmetrically  on  each  side 
of  it.  To  get  over  some  of  the  difficulties  of  various 
standards  of  measurement,  it  might  be  convenient  to 
give  pipes  and  fittings  a  standard  number  or  letter,  and 
so,  when  ordering  a  fitting  in  this  way,  the  new  part 
would  always  fit.  For  standardisation  to  be  of  the 
greatest  value  the  fittings  would  have  to  be  made  for  the 
highest  pressures.  He  understood  that  it  was  not  pro- 
posed to  make  standardisation  compulsory,  so  that  any 
design  for  special  cases  would  not  interfere  with  a 
system  of  standardisation.  It  would  be  a  question  of 
cost  and  convenience  ;  in  some  cases  there  would  be  a 
saving  by  special  designs,  and  in  other  cases  by 
standards.  He  thought  that  the  buyers  of  small  fittings 
would  be  the  first  to  find  the  benefit  of  standards,  and 
a  combination  of  manufacturers  of  such  fittings  would 
soon  accomplish  this.  On  large  contracts,  and  where  great 
numbers  of  fittings  for  particular  work  were  required,  the 
designer,  would  have  to  use  his  talents  and  make  the 
most  of  his  materials  ;  that  was  to  say,  he  would  have  a 
standard  of  his  own  for  each  case.  The  subject  was  one 
of  great  interest,  whether  it  were  decided  for  or  against 
standardisation  under  all  circumstances,  or  to  meet 
special  conditions.  The  points  to  be  considered  were 
convenience,  efficiency,  cost  and  weight. 


THE   STATUS  OF   THE   NAVAL 

ENGINEER. 
A  T  the  meeting  of  the  North  East  Coast  In- 
-^^  stitution  of  Engineers  and  Shipbuilders, 
held  at  Newcastle  on  October  24th,  Mr.  John 
Tweedy,  J.P.,  in  the  course  of  his  presidential 
address,  dealt  with  the  question  of  reform  in  the 
organisation  and  training  of  the  engineering 
pasonnel  of  His  Majesty's  Navy. 

It  is  interesting  to  remember  that  the  machinery  of  the 
Navy  did  not  originate  within  the  service.  It  was 
originated,  and  has  been  developed  and  perfected,  and  is 
to  a  large  extent  manipulated  by  members  of  the 
engineering  protcssion  represented  by  this  and  kindred 
Institutions.  It  is  still  designed  and  constructed  by  such 
members,  and  they  are  still,  both  professionally  and 
Imanciallv,   responsible    up   to  a  certain   point    for  its 


efficiency.  It  is  also  to  be  rememt)ered  that  the  problems 
involved,  not  only  in  the  design  and  construction,  but  also 
in  the  operation  of  the  complicated  machinery,  become 
daily  more  abstruse,  and  recede  more  and  more  from  the 
comprehension  of  the  non-technical  mind. 

At  present  the  engineer  officer  is  not  an  executive 
officer,  he  holds  no  rank.  He  is  a  layman,  a  capable 
technical  expert  in  much  the  same  position  on  board  a 
warship  as  a  guarantee  engineer  on  board  a  foreign 
merchant  steamer,  active  in  the  purely  technical  duties  of 
an  officer,  but  still  not  an  officer  endowed  with  the 
necessar>'  executive  powers  in  his  own  department, 
which  experience  points  out  as  being  absolutely  necessary- 
for  efficiency.  Lord  Goschen  has  described  a  modern 
warship  as  a  fiendish  complication  of  machinery.  Pro- 
fessor Weighton  says  of  it,  that  it  is  perhaps  the  most  awe- 
inspiring  aggregation  of  power  in  one  unit  yet  devised 
by  man.  No  one  having  the  least  knowledge  of  the 
subject  will  consider  either  of  these  descriptions  exag- 
gerated, but  only  engineers  of  experience  can  fully 
appreciate  the  great  responsibility,  even  in  times  ot 
peace,  resting  upon  the  men  in  charge  of  such  machiner>'. 
Captain  Mahan,  probably  the  best  known  and  ablest 
writer  on  naval  matters,  has  said  that  "  historically,  good 
men  with  poor  ships  are  superior  to  poor  men  with  good 
ships."  lo  other  words,  the  degree  to  which  the  latent 
fighting  value  of  naval  materiel  can  be  rendered  effective, 
is  determined  by  the  sufficiency,  skill,  and  experience  of 
the  personnel.  Improperly  handled,  the  most  perfect 
machinery,  like  the  finest  ship,  may  become  a  source  of 
weakness  instead  of  strength  to  a  nation. 

We  believe  Captain  Mahan's  historical  deduction  to  be 
sound.  We  know,  as  engineers  and  shipbuilders,  that 
Lord  Goschen's  and  Professor  Weighton's  descriptions 
are  accurate,  and  I  think  we  must  conclude,  as  engineers 
accustomed  to  the  design,  construction  and  operation  oi 
complicated  machinery,  that  if  the  best  is  to  be  made  ot 
the  materiel  of  the  Royal  Navy,  if  the  nation  is  to  avoid 
the  dissipation  of  its  resources  without  adequate  return  in 
effective  work,  it  is  imperative  that,  in  this  branch  as  in  all 
other  branches  of  the  service,  the  personnel  shall  always 
be  in  advance  of  the  known  immediate  requirements  of 
the  materiel^  that  as  the  materiel  increases  in  amount, 
dimensions,  and  complexity,  so  must  the  standard  of 
entry  be  raised,  and  that,  whether  in  future  the  officer 
in  charge  of  the  machinery  be  a  sailor,  or  a  'gunner  a:* 
well,  he  must  at  least  be  specially  educated  and  trained 
as  an  engineer,  skilled  not  only  in  the  operation,  but  also 
understanding  the  design  and  construction,  and  therefore 
the  possibilities  and  limitations  of  the  machiner>'  in  his 
charge. 

No  one  doubts  but  that  the  present  Admiralty  Board  is 
actuated  by  the  keenest  desire  to  place  the  department 
on  a  sure  foundation  of  efficiency,  but  the  Royal  Navy  is 
so  vast  a  machine,  its  organisation  so  intricate,  so  rusty 
with  age,  and  the  legacy  of  difficulty  inherited  by  its 
present  members  so  great,  as  to  make  imaided  movement 
exceedingly  difficult  and  perhaps  hazardous.  It  is  to  be 
hoped,  therefore,  that  the  Admiralty  Board  will  strengthen 
itself  in  regard  to  this  question  by  appointing  a  strong 
Commission,  composed  of  experts  from  the  inside  and  a 
few  competent  persons  from  the  outside,  to  consider  and 
report  to  them  upon  the  whole  question. 


Digitized  by 


Google 


A  Monthly  Review  of  the  leading  papers  read  before  the  various  Engineering  and  Technical 

Instittstions  of  the  Continent* 


A  NEW  GAS-ENGINE. 

THE  new  Niel  motor,  which  was  lately 
tested  by  Prof.  A.  Witz  and  M.  A. 
Moreau,  formed  the  subject  of  a  communication 
by  the  latter  to  the  French  Society  of  Civil 
Engineers,  of  which  the  following  is  an 
abstract- 
In  this  4-period  engine  the  efficiency  has  been 
improved  and  the  gas  x:onsumption  reduced  by 
a  judicious  increase  in  the  compression  (varying 
from  I  o  to  12  kilogrammes  per  square  centi- 
metre, or  142  to  170  pounds  per  square  inch)  of 
the  gas  and  air  mixture,  which  is  effected  in  a 
special  chamber,  arranged  in  a  movable  breech- 
piece  (the  only  part  that  overhangs),  at  the  back 
of  the  cylinder.  Notwithstanding  this  high 
compression,  however,  the  lighting  gas  of  a 
town  service  may  be  used,  provided  it  be 
diluted  with  a  far  larger  quantity  of  air  than 
usual,  so  as  to  constitute  a  gas  almost  as  poor  as 
that  of  a  producer,  in  order  that  the  motor  may 
work  with  poor  or  service  gas  at  will  by  merely 
changing  the  admission  valve.  Water  circu- 
lates between  the  cylinder  and  its  jacket,  first 
cooling  the  exhaust  valve ;  and  there  is  great 
saving  of  water,  owing  to  the  jacket  being 
reduced  towards  the  front  of  the  cylinder, 
where  there  is  less  necessity  for  cooling,  and 
where  the  water  issues. 

The  45-horse  engine  tested  has  a  cylinder  of 
35  centimetres  (14  in.)  diameter,  with  48  centi- 
metres (i  ft.  7  in.)  stroke  ;  and  the  fly  wheel,  22 
metres  (7  ft.  4  in.)  in  diameter,  makes  216  revo- 
lutions per  minute,  the  capacity  of  the  cylinder 


being  00485  cubic  metre  (nearly  2  cubic  feet) 
and  the  explosion  pressure  from  22  to  25  kilo- 
grammes per  square  centimetre  (313  to  355 
pounds  per  square  inch).  The  distribution  is 
effected  by  vertical  valves,  that  for  exhaust 
with  invariable  rise,  being  at  the  lower  part 
of  the  breech-piece  in  a  movable  seat  easily 
renewable. 

The  air  and  gas  are  led  up  by  two  inde- 
pendent passages  fitted  with  slides  that  permit 
of  regulating  the  proportions  roughly,  while  the 
final  regulating  is  effected  by  two  valves,  of 
which  the  lower  serves  to  introduce  the  mixture 
into  the  cyhnder.  The  quantity  admitted  can  be 
regulated  by  the  centrifugal  governor  (acting 
through  a  very  sensitive  dashpot)  that  con- 
stitutes a  vacuum  cylinder  during  the  aspira- 
tion and  a  compressor  when  the  valve 
closes.  The  gas  valve,  fastened  by  a  socket 
to  the  same  spindle  as  the  above,  follows 
all  its  movements ;  but '  it  has  a  constant 
and  maximum  opening,  while  the  explosive- 
mixture  valve  only  has  a  minimum  opening,  so 
that,  the  slighter  the  rise  of  the  latter,  the 
greater  will  be  the  proportion  of  pure  gas  in 
the  mixture,  and  so  much  the  more  as  the 
gas  has  a  slighter  density  and  greater  pressure 
than  has  the  air  drawn  in. 

This  is  a  highly  important  matter,  because 
when  the  inlet  valve  introduces  less  mixture 
owing  to  the  governor's  action,  the  compression 
is  naturally  slighter  and  the  explosion  less 
intense.  With  poor  gas  especially  it  might  be 
feared  that  the  ignition  would  not  be  effected 
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regularly  ;  but,  at  the  same  time,  there  takes 
place  the  methodical  enrichment  of  the  mixture 
by  the  proportion  of  gas  being  increased,  so 
that  no  failure  occurs  in  the  ignition. 

There  is,  therefore,  an  admission  at  each 
stroke  ;  and  a  regulating  is  obtained  based  upon 
v'ariable  compression,  producing  explosions  of 
different  intensity,  but  leaving  a  constant  speed 
with  as  perfect  regularity  as  possible  whatever 
be  the  load  on  the  engine.  Some  trials  during 
ten  consecutive  hours  showed  the  consumption 
of  service  gas  to  be  439  litres  (15^  cubic  feet) 
per  h.p.  per  hour  ;  and,  in  a  trial  somewhat  less 
prolonged,  M.  Deschamps  found  445  litres 
(15I  cubic  feet).  The  latter  seized  the  occasion 
of  M.  Moreau's  communication  to  offer  a  few 
observations  on  the  following  subject. 


THE  EFFICIENCY  OF  GAS  ENGINES. 
npHE  thermal,  organic,  generic,  economic, 
-*•  specific,  and  other  yields  are  co-efi&cients, 
the  value  of  which  it  is  very  difficult  to  determine 
because  they  are  not  constants  of  the  motor, 
and,  even  for  a  given  speed  and  fuel,  vary  con- 
siderably with  the  motor's  power.  Gas-engine 
trials  have  shown  that  the  consumption,  C„, 
varies  with  the  power  n  very  nearly  according 
to  the  equation 

C„  =  C.  +  ^.(C„-CO, 

Cr  being  the  consumption  when  the  engine  is 
running  light  and  Q  that  when  fully  loaded, 
while  the  formula  may  also  be  written — 

M.  Deschamps  proposes    to    take   as   para- 

C 
meters  for  a  given  motor    ^,  which  he  calls 

the  specific  consumption  when  running  light, 

C  — C 
and  -  "  V,  ^,  which  he  calls  the  reduced  con- 
sumption per  h.p. — i.c.f  the  quotient  by  the 
number  of  h.p.*s  of  the  difference  between  the 
consumption  loaded  and  the  consumption  light, 
this  value  being  about  the  same  whatever  be 
the  power  taken  for  determining  the  full  load. 
Although  the  above  formula  is  only  approximate, 
the  two  co-efficients  given  have  a  value  inde- 
pendent of  the  motor's  size,  being  constants  for 
all  motors  of  one  and  the  same  family. 


The  idea  of'  a  generic  yield — 1.^.,  the  com- 
parison often  drawn  between  a  motor's  yield 
and  that  which  would  be  obtained  by  making  it 
traverse  a  Carnot  cycle  between  the  same  extreme 
temperatures  as  those  attained  in  the  motor—is 
a  dangerous  conception,  because  the  gases  in  a 
motor  do  not  pass  through  a  cycle,  while  this 
cycle  could  not  be  reversible,  and  espedafly 
because  we  only  have  a  conception  of  absolute 
temperatures  considered  in  the  Carnot  cydc 
through  the  definition  of  that  cycle. 


HALF-CROSSED  BELTS  FOR  HIGH  POWERS. 

JUST  as,  in  the  early  days  of  the  locomotive, 
a  rack  rail  was  thought  necessary  to  secure 
adhesion  and  progression,  so,  previously  to 
about  thirty  years  ago,  spur  gear  had  such  a 
predominance  over  driving  belts  that  (in  France) 
most  steam  engines  were  made  with  toothed 
fljrwheels  for  directly  driving  shafts  and 
machines,  while  bevel  gear  was  employed  in 
preference  to  half  or  partially  crossed  belts, 
whenever  there  was  a  deviation  from  the  straight 
line  in  power  transmission.  Since  that  perioi 
the  use  of  half-crossed  belts  has  become  general, 
although  they  have  rarely  been  employed  for 
transmitting  more  than  20  h.p. 

Two  instances  of  more  considerable  power 
transmission  by  half-crossed  belts  (50  h.p.  in  one 
case  and  80  h.p.  in  the  other)  were,  however, 
brought  by  M.  Albert  Smits  before  the  SocieU 
Industrielle  du  Nord  de  la  FrancCy  such  arrange- 
ment having  been  adopted  on  account  of 
the  frequent  breakage  of  hardwood  teeth  in 
the  bevel  gear  previously  employed  ;  and  these 
cases  are  all  the  more  interesting  because  the 
resistance  opposed  by  the  work  is  very  irr^ular. 

In  the  80-h.p.  transmission  a  2-ply  leather 
belt,  30  centimetres  (i2in.)  wide,  is  glued  over  the 
whole  adherent  surface  and  stitched  at  both 
edges,  while  the  ends  are  bevelled  o£F  andglned, 
so  that  the  thickness  is  no  greater  at  the  joint 
than  elsewhere — a  matter  of  vital  importance 
in  cases  like  the  present,  because  increased 
thickness,  and,  therefore,  increased  weight, 
would  cause  sagging  at  the  changes  of  direc- 
tion, thus  setting  up  additional  strains,  and  at 
length  bring  about  destruction  of  the  belt, 
especially  with  high  speeds. 
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In  this  case  the  driving  pulley,  i'i6  metre 
(3  ft.  10  in.)  in  diameter,  makes  240  revolutions 
per  minute  ;  and  that  driven,  1-4  metre 
(4  ft.  8  in.),  192  revolutions,  while  the  distance 
between  the  centre  lines  of  their  shafts  is  5*1 
metres  (17  ft.).  The  rims  of  both  pulleys 
are  35  centimetres  (14  in.)  wide,  and  rounded 
with  a  rise  of  10  millimetres  (g  in.),  the  plane 
of  greatest  diameter  being  shifted  20  milli- 
metres {]l  in.)  on  the  side  farthest  from  the 
other  pulley,  with  the  object  of  preventing  the 
belt  from  falling  when  started,  and  especially 
when  stopped. 

As  regards  the  relative  position  of  the  pulleys, 
the  lower  one,  driven,  is  arranged  so  that  its 
periphery  is  80  millimetres  (3^  in.)  laterally 
from  the  median  plane  of  the  driver,  instead  of 
coinciding  with  it,  as  had  previously  been  con- 
sidered the  correct  practice,  but  which  trials 
have  proved  to  be  erroneous  ;  and,  indeed,  it  is 
necessary,  when  driving  with  half-crossed  belt, 
tQ  leave  between  the  two  pulleys  a  free  lateral 
space,  that  necessarily  varies  with  the  distance 
between  the  shafts,  the  width  of  belt,  and 
especially  its  speed. 

In  the  second  case,  the  dimensions  are  the 
same  as  in  the  first  ;  but,  as  the  power  trans- 
mitted is  only  50  instead  of  80  h.p.,  the  belt 
is  single-ply,  its  ultimate  resistance  to  tensile 
strain  being  18  kilogrammes  per  square  centi- 
metre (256  lbs.  per  square  inch)  against  29  (412) 
in  the  first  case.  Instead  of  being  cut  straight 
from  the  hide,  as  usual,  the  belts  were  set  out  to 
a  slight  curve,  so  that  one  edge  is  shorter  than 
the  other. 

Under  the  conditions  set  forth,  both  belts 
have  given  perfect  satisfaction,  although,  pre- 
viously, a  cotton  belt  and  a  sewn  leather  belt  of 
ordinary  quality  soon  gave  out,  so  that  the 
author  considers  the  outside  limit  has  been 
reached  as  regards  distance  between  centre  lines 
of  the  shafts,  pulley  diameters,  and  width  of  the 
belts. 


IHPORTANCE  OF  THE  TIME  FACTOR  IN  MINING. 

TOURING  a  scientific  tour  in  England,  M.  de 
-*^  Gennes  visited  the  Cresvvell,  Cadeby, 
and  Normanton  Collieries,  and  was  much  struck 
with  the  arrangements  for  winding  that  permit 


of  intensive  working,  and  which  in  all  probability 
suggested  his  observations  to  the  Sociile  de 
V Industrie  Minerale  as  to  the  value  of  rapidity 
in  mining  operations. 

In  French  mines,  under  the  designation  of 
prix  de  revient  {cost  of  getting),  detailed  statistics 
show  what  it  has  cost  to  put  out  a  ton  of  ore  or 
coal — a  very  important  matter,  as  everyone 
knows  ;  but  there  is  another  that  appears  to  have 
been  more  or  less  overlooked  by  mine  owners,  and 
which  must  be  regarded  as  of  almost  equal 
importance.  This  is  the  space  of  time  in 
which  each  mining  operation  is  accomplished, 
and  which  the  author  calls  the  **  time  factor,** 
while  leaving  to  the  other  the  designation  of 
"cost  factor."  The  time  factor  is,  unfortunately, 
far  more  difficult  to  establish  ;  but  every  mining 
engineer  can  modify  and  arrange  it  so  as  to 
suit  his  own  requirements,  although  it  ought 
always  and  everywhere  to  be  taken  into  con- 
sideration, as  will  be  evident  from  the  following 
examples. 

If  mine  explorations  over  a  given  area  afford 
the  same  result  in  a  month  with  greater  expense 
as  in  a  year  with  less  expense,  the  former  will 
certainly  be  more  economical,  for  during  the 
eleven  months  following  the  more  rapid  results 
the  capital  will  not  have  been  lying  idle,  works 
may  be  undertaken  that  will  cause  it  to  fructify 
more  quickly,  and  so  forth. 

If,  when  the  works  to  be  undertaken  are  deter- 
mined, a  shaft  be  sunk  so  that  winding  can 
begin,  and  if  this  shaft  be  finished  in  half  or  one- 
third  the  usual  time,  but  by  more  expensive 
means,  even  twice  or  three  times  more  expensive, 
a  real  saving  will  have  been  affected. 

In  the  case  of  a  coal  seam  taken  horizontally, 
or  with  a  certain  dip,  as  in  the  Nord  and  Pas- 
de-Calais  (the  whole  seam  being  taken),  or  by 
horizontal  stages,  as  in  the  Centre  of  France,  if 
advance  be  made  in  the  seam  at  right  angles  to 
an  indefinite  working  face,  we  know  that  at  a 
certain  distance  behind  this  face — distance 
dependent  on  the  individual  conditions  of  the 
seam  and  the  method  "of  working  it — pressure 
will  come  on  the  roof  and  render  its  support 
very  difficult,  or  at  any  rate  very  costly.  When 
the  first  or  forward  workings  are  in  advance  of 
the  second  or  return  workings,  the  more 
numerous  they  are  the  more  difficult  does  the 
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support  of  the  roof  become,  especially  at  the 
point  where  the  forward  workings  leave  the 
face  of  the  return  workings,  so  that  there  is 
advantage  in  diminishing  the  former,  or  even  in 
suppressing  them  if  possible  ;  and  long-wall 
working  is  well-known  to  be  economical  as 
regards  timbering  and  the  production  of  large 
coal. 

Independently  of  forward  workings,  the  great 
rapidity  with  which  advance  can  be  made  in 
the  coal,  leaving  the  line  of  pressure  behind,  is 
afforded  by  mechanical  coal-cutting,  which 
permits,  at  any  rate  in  some  cases,  of  passing 
under  the  roof  before  the  pressure  comes  on, 
and  in  others  of  approaching  that  ideal  which 
economises  timber,  and  may  even  dispense 
with  it,  while  producing  larger  coal  of  greater 
market  value.  Mechanical  means  may  be  as 
expensive  in  actual  cost  as  getting  by  hand  ; 
but  they  afford  a  saving,  or  at  any  rate  a 
better  utilisation  of  labour,  while,  if  thje  time 
factor  be  taken  into  consideration,  it  will  be 
found  that  the  working  out  of  a  district  will 
lead  to  economy  in  all  the  accessory  services. 


ELECTRIC  CRANES  AND  CONVEYERS. 

OO  long  as  only  steam  or  water  under  pressure 
^  were  available  for  affording  power,  the 
steering  crane  was  the  only  rapid-working 
appliance  for  raising  weights.  This  form  of 
crane  has  the  great  advantage  that  the  heavy 
gear  can  be  arranged  in  close  proximity  to  the 
axis  of  rotation,  so  that  mass  resistances  due  to 
horizontal  movement  of  the  driving  gear  are 
only  set  up  to  a  very  slight  extent;  and  for 
working  by  steam  the  travelling  and  steering 
crane  permitted  of  the  boiler  being  placed  at  a 
readily  accessible  height.  Electric  working 
took  over  the  steering  crane  in  its  condition 
at  the  time  ;  and  at  first  the  adaptation  was 
confined  to  a  better  distribution  of  the  power. 
The  steam  crane,  with  its  duplex  engine,  had 
united  the  whole  driving  gear  at  one  point, 
in  order  to  make  a  single  motor  suffice  for  the 
several  operations,  thus-  entailing  a  clumsy  and 
complicated  construction  that  gave  the  im- 
pression of  clockwork  rather  than  of  a  machine. 
Electric  working,  with  its  simple  and  easily 
reversed  motor,  again  dispersed,  or  disti'ibuted, 
the  driving    gear,   placed    the    application   of 


power  as  near  as  possible  to  the  point  >vhere 
the  resistance  occurs,  and  did  away  with  all 
unnecessary  mechanical  parts  for  power  trans- 
mission, so  that  the  whole  design  was  simplified, 
greatly  in  favour  of  maintenance  and  working. 

These  observations  were  made  at  the  Dussel- 
dorf  meeting  of  the  Verein  Deuischer  Ingeni- 
eure  by  Herr  Kammerer,  of  Charlottenburg, 
who  brought  forward  examples  of  electrically- 
worked  T-form  swivelling  crane  for  heavy 
loads,  crane  with  lowering  jib  for  loading  and 
unloading  vessels,  overhead  travelling  hoist, 
foundry  cranes,  a  travelling  crane  remarkably 
like  a  grasshopper,  and  aerial  ropeways,  re- 
marking that  they  will  shew  the  crane-maker  he 
has  to  hand  a  new  electro-technical  expedient 
which  affords  the  inducement  to  bring  out  new 
designs  and  extend  his  field  of  operations, 
concluding  as  follows  : — 

The  individual  feature  of  these  machines,  of 
unlimited  scope,  evidently  consists  in  the  fact 
that  a  form  of  energy  is  employed  which  is 
unusually  mobile  and  supple ;  and  the  naked 
Kontakileiiung  is  the  simple  mechanical  element 
which  alone  renders  possible  this  remarkable 
departure  from  previous  and  traditional  arrange- 
ments. With  other  agents  of  power  trans- 
mission, lifting  appliances  can  only  with  difficult)' 
be  produced  that  pass  over  curves  of  any  form 
and  tracks  of  any  length,  that  carry  with  them 
their  required  energy  for  application  at  any 
point  in  the  line,  and  that  can  be  reversed  from 
far  or  near.  Additional  importance  is  also  lent 
to  this  question  by  the  fact  that,  of  all  manual 
operations,  that  of  moving  heavy  weights  is  the 
most  thankless  and  least  remunerated. 


COKE  AND  BRIQUETTED  IRON  ORE  AT  THE 
DtJSSELDORF  EXHIBITION. 

np HE  coke-oven  exhibits  at  Dusseldorf  are 
-*-  interesting  because  a  great  many  iron- 
masters make  their  own  coke,  employing  the 
type  of  oven  best  adapted  to  the  coal  at  their 
disposal  ;  and  by-product  recovery,  now  gener- 
ally applied,  is  of  first  importance,  because  ii 
affords  means  for  reducing  the  cost  of  makhig 
pig-iron,  observes  M.  Alexandre  Gouvy  to  the 
Socictc  lies  Ingcnieurs  Civils  de  F ranee ^  in  his 
exhaustive  report  on  Iron  and  Steel  Metallurg}- 
at  the  Diisseldorf  Exhibition. 
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VON    BAUER    COKE-OVKNS, 

much  appreciated  in  Germany,  where  they 
dispute  the  first  place  with  the  Otto  ovens,  are 
made  by  the  Rhenisch-Westfalisch  Coak-Oven 
Aktien-Gesellschaft,  with  the  special  object  of 
(i)  obtaining  a  yield  only  lo  per  cent  inferior 
to  that  in  the  laboratory  ;  (2)  treating  large 
charges—  as  much  as  10  tons  of  coal  tipped  into 
the  oven  or  12^  tons  of  compressed  -  coal ; 
(3)  reducing  the  carbonisation  to  a  minimum — 
from  24  to  48  hours,  according  to  the  quality  of 
the  coal  ;  (4)  affording  ready  control  of  the 
operation,  while  producing  good  coke  and 
suppressing  smoke,  with  consequent  loss ;  and 
(5)  reducing  maintenance  of  the  ovens  while 
permitting  recovery  of  the  by-products  if 
required. 

OTTO-DA  HLHAU8EN    COKE-OVENS. 

This  company  attaches  greater  importance  to 
by-product  recovery;  and  the  Otto  ovens  are 
now  provided  with  special  gas-burners,  while 
regenerators  are  entirely  abandoned.     A  group 
of    four  oven-compartments  has  been  erected 
full  size  in  a  special  pavihou,  while  a  model  to 
I  ^.o  scale  in  the  Mines  Department  represents 
a  complete  coke-oven  plant,  with  screening  and 
washing  floors  and  the  Shamrock  pit  bank  of 
the  Hibernia  Company.     Since  1876,  when  the 
Otto  Company  was  started,  it  has  built  on  the 
contment  of  Europe,  in  addition  to  those  in 
America,  12,168  coke-ovens,  including  recovery 
and  iton-recovery  ovens,  and  also  those  of  1896 
typ)e.     In  the  latter  the  makers  start  from  the 
principle  that  the  combustion  of  large  gas  masses 
at  a  single  point  must  be  avoided,  that  each 
heating   (chauffe)   should  have  its  special  and 
adjustable  inlets  for  gas  and  air,  and  that  the 
path  traversed  by  the  gas  should  be  as  short  as 
possible.    The  present  ovens   are    10   metres 
(33  ft)  long,  from  1*9  metre  to  2  metres  (6^  ft.) 
high,  and  of  a  width  varying  with  the  quality  of 
the  coal  from  43  centimetres  (17  in.)  to  60  centi- 
metres (24  in.),  while  the  coking  is  considered 
to  last  from  28  to  32  hours. 

THE  BRUNCK-DORTMUND  COKE-OVENS, 

brought  out  in  1893,  are  characterised  by  (i) 
double  and  vertical  heating  flues  between  the 
oven  compartments ;  (2)  a  solid  wall  between 
'two  compartments  that  permits  of  increasing 
their  height,  of  making  them  narrower  without 
abandoning  large  charges,  and  of  reducing  the 


length  of  carbonisation ;  (3)  the  separate 
heating  of  each  oven  and  re-heating  of  the  air 
for  combustion ;  and  (4)  a  construction  that 
facilitates  the  effecting  of  partial  repairs.  These 
ovens  are  10-25  metres  (33^  ft.)  long,  from 
2  metres  (6ift.)  to  2-25  metres  (7^(1)  high,  and 
from  43  centimetres  (17  in.)  to  55  centimetres 
(22  in.)  wide,  according  to  the  coal,  while  the 
charge  varies  from  5  to  7^  tons  for  a  coal  con- 
taining from  10  to  15  per  cent,  of  water,  and  the 
operation  lasts  from  26  to  34  hours. 

THE    MAKING    OP    PINE    ORB    BRIQUETTES 

offers  great  interest  in  some  cases  because  it 
■permits  of  charging  into  the  blast  furnace 
larger  quantities  of  cheap  ores,  especially 
pyrites  residue,  the  most  suitable  binding  sub- 
stance being  hydraulic  lime.  All  coal  briquette 
presses  may  be  used  for  this  purpose  provided 
they  afford  sufficient  pressure  ;  and  M.  Gouvy 
found  at  the  exhibition  two  presses  that 
appeared  suitable  owing  to  the  comparative 
simplicity  of  their  construction. 

THE   TIQLBR-MEIDBRICH    PRESS, 

with  L-leg,  or  bent  lever,  worked  by  a  crank- 
shaft, affords  three-fold  compression,  viz.,  by 
impact  through  the  free  fall  of  a  stamp,  pres- 
sure of  the  lower  portion,  together  with  equal 
simultaneous  pressure  upwards  and  downwards, 
and  can  turn  out  20  tons  of  12-kilogramme 
(26  lbs.)  coal  briquettes  per  hour  with  a  12-horse 
motor,  while,  by  changing  stamps  and  dies, 
briquettes  varying  from  that  weight  to  only  a 
few  ounces  can  be  produced. 

THE  DUNKELBBRQ    BRIQUETTE    PRESS, 

which  can  make  ten  tons  of  coal  briquettes  per 
hour,  appears  to  have  been  chiefly  used  for  fire- 
clay goods,  but  is  very  suitable  for  briquetting 
iron  ore.  The  maker  claims  for  this  press  a 
gradual  increase  of  pressure,  equal  above  and 
below,  up  to  the  maximum,  which  is  maintained 
for  a  determined  space  of  time ;  and  the  action 
is  due  to  a  bell-crank,  in  which  is  lodged  a 
roller  that  transmits  the  motion. 

THE    PROGRESS    OF    MACHINE-BUILDING    IN 
RUSSIA. 

npHE  Russkoe   Bagaisivo  for  October  (Sept. 

-*'       30),  contains  an  article  of  some  interest 

by  Mr.  P.  Kozmin,a  well-known  Russian  writer 
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on  industrial  questions,  on  **  Russian  Machine- 
Building  in  Its  Relations  to  Protectionism." 
The  question  which  the  writer  sets  himself  to 
solve  is  why,  notwithstanding  the  vast  develop- 
ment of  the  Russian  iron  industry,  the  supply 
of  michinery,  and  especially  agricultural 
machinery  of  the  more  complex  kind,  is  so 
small  in  comparison  with  the  import.  During 
the  ten  years,  1890- 1900,  the  production  of  pig- 
iron  in  Russia  increased  from  56,600,000  puds 
to  175,500,000  puds  ;  that  is  more  than  three- 
fold, while  in  the  Donetz  region  it  increased  no 
less  than  sevenfold.  Despite  this  increase,  the 
Russians  are  quite  unable  to  supply  their  own 
market  with  the  agricultural  machinery  which 
is  demanded  for  its  economic  development,  and 
are  obliged  to  import  increasing  quantities  from 
abroad. 

Mr.  Kozmin  finds  an  explanation  of  this  in 
the  unnatural  way  in  which  the  internal  market 
has  been  worked.  The  manufacturers  have 
been  entirely  dependent  on  State  and  municipal 
orders  for  which  they  get  high  prices, .  but 
have  been  unable  to  supply  the  home  market 
under  competition  with  foreign  firms,  owing  to 
the  extravagant  price  of  raw  material  resulting 
from  the  high  customs  duties.  In  1899,  out  of 
163,000,000  puds  of  iron  and  steel,  .no  less  than 
95,840,000  found  an  outlet  in  railway  construc- 
tion and  repair.  Only  41  per  cent,  of  native- 
produced  iron  remained  for  all  other  purposes. 
A  large  proportion  of  that  went  upon  tramway 
construction  and  municipal  undertakings,  and 
upon  the  equipment  of  the  smaller  factories  with 
machinery,  the  great  factories  and  workshops 
almost  invariably  importing  their  machinery 
from  abroad.  After  these  requirements  were 
supplied,  hardly  any  native  iron  remained  for 
agricultural  machinery,  and  all  the  other  wants 
of  the  private  consumer.  Yet  for  agricultural 
purposes  alone  the  yearly  demand  is  for 
1 10,000,000  puds.  The  Russian  consumer  there- 
fore turns  his  face  to  the  foreign  manufacturer, 
and  the  iron  industry  develops  entirely  without 
relation  to  the  private  consumer. 

Yet  Russia  at  present  contains  490  machine- 
building  and  engineering  work-shops,  and  207 
engaged  in  constructing  agricultural  implements 
and  machinery.  The  apparent  inconsistency 
between  these  considerable  figures,  and  the 
failure  of  the  Russians  to  supply  the  agricul- 
tural market  is  explained  by  the  fact,  that  hardly 


ten  of  the  latter  class  of  workshops  are  large  or 
equipped  in  modern  fashion.  Nearly  all  the 
mills  in  Russia  are  equipped  with  machiner}^  by 
the  firm  .of  Erlanger,  which  has  stores  in  twenty 
towns.  Russian  machinery  plays  practically  no 
part  in  saw-mills  or  parquet  factories.  The 
whole  production  of  the  207  agricultural- 
machinery  firms  is  valued  only  at  13,627,000 
roubles,  a  figure  which  is  largely  exceeded  by 
the  value  of  imports. 

The  seriousness  of  the  present  crisis  in 
Russian  machine-shops  is  shown  by  the  fact 
mentioned  by  Mr.  Kozmin  that  the  number  of 
employees  has  been  reduced  by  half.  ...  At  the 
Kharkoff  Session  of  Machinist- Engineers,  this 
decline  was  explained  by  the  insufficiency  oi 
the  Customs  Duties,^  and  a  demand  was  made 
for  more  Protection.  Mr.  Kozmin  points  out 
that  the  Russian  economist,  Tugan-Baranowsky, 
maintains,  on  the  contrary,  that  "  Protection 
has  not  only  not  fostered,  but  has  ruined  the 
Russian  iron  industry.'^  With  this  view  Mr. 
Kozmin  agrees.  But  he  argues  that  the  real 
cause  of  Russia's  misfortunes  in  this  respect  is 
not  the  duty  on  imported  machinery,  but  the 
exorbitant  prices  which  result  from  the  deame^ 
of  native  raw  material.  The  result  of  these  high 
prices  is  that  not  only  agricultural  machine;7, 
but  even  modern  implements  are  out  of  the 
reach  of  the  poorer  consumer  altogether.  The 
metallurgical  works  flourish  owing  to  the  pro- 
tection of  raw  material ;  but  the  machine-shops 
decay.  There  is  only  one  way  to  encourage  the 
engineering  firms,  and  that  is  *'  to  lower  the 
duty  on  raw  materials  to  a  tolerable  figure." 

The  importance  of  this  article  for  England 
as  an  exporter  is  very  considerable  ;  as  it  is 
admitted  by  Russian  economists  that  Russia 
will  never  become  a  great  purchaser  of  foreign 
manufactured  goods  until  the  technique  of 
agriculture  and  the  well-being  of  the  peasantry- 
are  improved. 


A  RUSSIAN  VIEW  OF  THE  SIBERIAN  RAILWAY. 

nPHE  Russian  Economic  Review  for  October 
-*-  contains  the  conclusion  of  a  series  of 
papers  on  **The  Influence  of  the  Siberian 
Railway,^*  from  the  pen  of  M.  P.  Krasnoff. 
Most  of  these  papers  deal  with  the  effects  of 
the  railway  upon  the  economic  condition  of  the 
country  ;  but  the  concluding  article  also  contains 
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some  calculations  as  to  its  exploitation,  and  the 
prospect  of  profit,  which  are  not  without 
interest.  M.  Krasnoff's  conclusion  is  pessi- 
mistical.  Taking  into  account  the  vast  cost  of 
the  railway,  some  780,000,000  roubles,  he  says  it 
is  not  possible  to  expect  it  to  bring  in  any  profit 
under  present  conditions.  Calculating  interest 
on  capital,  and  provision  for  extinction  at  4^^  per 
cent.,  nearly  34,000,000  roubles  profit  would  be 
required  from  the  exploitation.  In  1899,  the 
working  of  the  railway  cost  5,000  roubles  a 
verst  ;  but  taking  into  account  the  Chinese 
Eastern  Railway,  future  exploitation  will  cost 
at  least  6,000  roubles  a  verst.  As  the  total 
length  of  the  railway  is  7,762  versts,  the  working 
expenses  will  amount  to  47,000,000  roubles  a 
year.  Hence,  to  cover  expenses  and  interest,  the 
railway  must  have  a  gross  revenue  of  80,000,000 
roubles,  and  carry  not  less  than  400,000,000 
puds  of  freight.  To  cover  working  expenses 
alone,  166,000,000  puds  would  have  to  be 
carried.  But,  in  1898,  the  railway  transported 
only  37,000,000  puds  ;  in  1899,  40,000,000  puds, 
and,  in  1900,  45,000,000  puds.  The  growth  of 
transport  must,  therefore,  be  enormous  before 
the  railway  can  pay  its  way. 

Against  this  pessimistic  view,  M.  Krasnofif 
sets  figures  as  to  the  rapid  development  of  the 
Canadian-Pacific  line,  and  the  railways  in  New 
Russia.  Moreover,  immigration  into  Siberia 
increases  rapidly  (at  about  200,000  a  year) ;  and 
though  this  trafiic  does  not  directly  pay,  it 
must  bring  with  it  a  vast  increase  in  the  goods 
traffic.  But,  on  the  whole,  it  is  local  and  not 
long-distance  freight  which  has  most  developed 
in  Siberia  of  late  years. 

The  Eastern  Review  declares,  on  the  other 
hand,  that  there  has  been  no  growth  in  the  well- 
being  of  the  Siberian  population  since  the  railway 
was  begun.  The  emigrants  who  now  flood  the 
country  in  no  year  brought  with  them  an  average 
of  more  than  16  roubles  a  head.     A  great  deal 


of  the  economic  enlivenment  of  the  country 
during  the  last  few  years  was  caused  by  the  vast 
armies  of  engineers,  contractors,  and  officials  ; 
but  no  industries  worth  mentioning  have 
developed.  The  general  level  of  well-being  of 
the  population  has  fallen  steadily. 

In  connection  with  the  Siberian  Railway  it 
is  interesting  to  note  that  a  heated  discussion 
has  been  going  on  in  the  Russian  Press  as  to  the 
merits  and  demerits  of  the  route  at  present 
selected  for  the  railway  around  the  south  coast 
of  Lake  Baikal.  A  Russian  engineer,  M. 
Makeroff ,  has  suggested  a  change  in  the  route, 
maintaining  that  the  cheapest  way  to  solve  the 
problem  would  be  to  construct  a  canal  about  120 
versts  above  the  confluence  of  the  Irkut  and 
Angara,  diverting  the  former  stream  directly 
into  Lake  Baikal ;  and  to  build  the  railway 
through  the  hilly  country  along  the  dried-up 
valley.  Taking  the  length  of  the  line  as  317 
versts,  M.  Makeroff  maintains  that  the  adoption 
of  his  plan  would  result  in  a  saving  of  20,000,000 
roubles. 


THE  MANGANESE  INDUSTRY  OF  THE  CAUCASUS. 

'TpHE  manganese  industry  in  the  Caucascus  is 
-*-  reported  to  be  suffering  from  a  severe 
crisis  owing  to  the  refusal  of  the  railway 
authorities  to  listen  to  the  representations  of 
the  miners.  The  chief  complaint  made  by 
those  interested  in  the  industry  is  the  extrava- 
gant tariff  exacted  for  the  transport  of  the 
metal  by  the  Tchiaratura  branch  of  the  Ti*ans- 
caucasian  Railway.  The  present  rate  is  7  kopecks 
a  pud,  which  operates  as  a  special  tax  upon  the 
industry.  Nearly  the  whole  of  the  govern- 
ment of  Kutais  depends  upon  the  manganese 
industry,  and  as  the  trade  is,  from  other  causes, 
extremely  depressed,  the  high  tariff,  several 
times  greater  than  the  normal,  weighs  heavily 
upon  the  producers. 
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"ELECTRIC  WAVES." 
By  H.  M.  Macdonald,  M.A.,  F.R.S.    Cambridge 
University  Press.    200  pp.     los. 

^T*HE  object  of  this  treatise,  an  Adams'  prize 
-■'  essay,  is  ta  discuss  the  possibiHty  of 
obtaining  directly  from  Faraday's  laws  a  con- 
sistent scheme  for  the  representation  of  electric 
phenomena,  and  of  applying  the  results  to 
obtain  the  quantitative  relations  which  exist  in 
certain  cases  of  the  propagation  of  electrical 
effects.  The  fact  that  in  certain  cases  the  direct 
application  of  Faraday's  laws  gives  without 
ambiguity  results  different  from  those  which 
appear  from  the  latter  form  of  Maxwell's  theory, 
led  the  writer  to  suspect  that  there  must  be 
some  flaw  in  the  process  of  reasoning  by  which 
this  form  of  Maxwell's  theory  is  deduced  from 
Faraday's  laws.  This  suggested  the  procedure 
adopted  in  the  essay,  to  begin  by  applying 
Faraday's  laws  without  the  intervention  of  any 
dynamical  theory  to  the  different  cases  which 
can  arise,  and  to  examine  whether  the  results 
obtained  are  consistent  with  observation.  A 
satisfactory  scheme  having  been  developed  in 
this  way,  a  short  account  of  Maxwell's  pro- 
cedure is  given  with  a  view  to  discovering  the 
source  of  the  discrepancy  ;  and  the  result  of 
examination  is  to  show  that  the  first  form  in 
which  Maxwell  presented  his  theory  is  a 
logical  consequence  of  Faraday's  laws,  while 
the  second  form  is  not.    The  latter  part  of  Mr. 


Macdonald's  able  essay  is  an  application  of 
the  general  theory  to  some  of  the  problems 
that  present  themselves  in  connection  with  the 
propagation  of  electrical  effects. 


By 


*•  LIGHT  RAILWAY  CONSTRUCTION." 

Richard  M.  Parkinson,  Assoc.M.Inst.C.E. 
Longmans,  Green  and  Co.  244  pp.  los.  6d. 
net. 

^T*HE  subject  of  light  railway  construction  is 
-■-  a  matter  to  which  considerable  attention 
has  latterly  been  drawn.  In  America  and  on 
the  Continent  the  value  of  these  useful  means 
of  transport  has  been  more  practically  recognised 
than  in  England,  and  their  construction  has  been 
carried  on  under  more  favourable  conditions.  It 
was  not  until  the  year  1896  that  the  construction 
of  light  railways  was  authorised  in  this  country' 
by  special  Act  of  Parliament.  British  capitalists 
have  not  been  slow  to  take  advantage  of  the 
opportunity  then  offered,  and  the  past  few 
years  have  seen  the  construction  of  several 
new  lines,  and  the  flotation  of  many  com- 
panies for  the  laying  down  of  others.  Mr. 
Parkinson's  new  work  is  intended  as  a  book  of 
reference  for  the  use  of  engineers  in  practice 
and  for  the  instruction  of  their  pupils  and 
assistants.  That  there  was  a  need  for  such  a 
text-book  is  undoubted,  and  the  author,  w*ho 
appears  to  have  a  sound  knowlege  of  his  subject, 
is  to  be  congratulated  on  its  timely  production. 
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He  has  entered  into  the  details  of  light  rail- 
way construction  very  carefully,  almost  every 
eventuality  being  considered.  Eighty-four  dia- 
grams illustrate  the  volume,  and  there  is 
much  useful  information  to  be  found  in  the 
appendices. 

'THE  ELEMENTS  OF  MACHINE  DESIGN.  PART  11.*' 
By  W.  Cawthome  Unwin,  F.R.S.,  M.Inst.C.E., 
M.Inst.Mech.E.  New  edition,  revised  and 
enlarged.  Longmans,  Green  and  Co.  428 
pp.,  fcp.  8vo.  6s. 
pROFESSOR  Unwin's  work  forms  one  of 
-■^  Longman's  "Text  Books  of  Science"  for  the 
use  of  artizans  and  students  in  public  and  science 
schools.  The  first  volume  is  concerned  with 
general  principles,  fastenings,  and  transmissive 
machinery.  Part  II.  deals  chiefly  with  engine 
details,  and  is  partly  a  collection  of  designs, 
data  and  rules,  of  use  in4he  workshop  and 
engineering  drawing  ofi&ces.  It  is,  however, 
something  more  than  a  mere  collection  of 
facts,  the  reasons  for  different  arrange- 
ments and  proportions  being  freely  dis- 
cussed in  connection  with  the  examples 
given.  Series  of  practical  problems  for 
engineering  students  form  suitable  exercises 
on  the  applications  of  principles  demonstrated, 
and,  on  the  whole,  an  endeavour  has  been  made 
to  give  as  clear  and  concise  a  survey  of  this 
important  subject  as  possible.  Text-books  of 
this  character  were  never  more  necessary  than 
at  the  present  time,  when  the  number  of 
engineering  students  and  engineering  schools  is 
so  rapidly  increasing  ;  and  it  is  only  by  main- 
taining a  high  standard  of  excellence  in  text- 
books of  technical  instruction  that  the  demand 
for  efficiency  in  the  training  of  the  engineer  can 
be  adequately  met.  The  present  edition  (which 
contains  over  250  illustrations)  has  been  largely 
rewritten,  partly  in  view  of  more  recent  re- 
searches, but  chiefly  with  the  object  of  better 
adapting  it  as  a  reference  book  for  draughtsmen 
as  well  as  a  text  book  for  students. 


"A  TEXT-BOOK   OF  ASSAYING.'* 

For  the  use  of  those  connected  with  Mines.  By 
C.  and  J.  J.  Beringer.  Charles  Griffin  and 
Co.,  Ltd.     Crown  8vo.     los.  6d. 

THIS  valuable  work  is  probably  the   most 
useful  treatise   on  assaying  available  to 
the   mining  engineer.     It  deals  in  a  clear  and 


lucid  manner  with  the  various  processes,  and 
should  prove  invaluable  both  to  the  student  and 
the  practical  man.  It  now  appears  in  its  eighth 
edition  with  slight  alterations  in  the  text. 

*'THE  AMERICAN  COTTON  INDUSTRY." 

By  T.   M.  Young.     Methuen  and  Co.     146  pp. 
IS.  6d. 

npHE  above  volume  represents  the  result  of  a 
-*-  tour  of  investigation  made  by  the  author 
amongst  the  cotton-spinning  districts  of  the 
United  States,  and  its  contents  were  first 
published  as  a  series  of  articles  in  the  Man- 
chester Guardian.  At  a  time  when  American 
methods  of  manufacture  are  so  prominently 
before  the  public,  Mr.  Young's  book  affords  a 
valuable  and  timely  insight  into  the  organi- 
sation and  working  of  this  rising  American 
industry.  The  results  of  his  inquiry  have, 
it  may  be  said,  been  somewhat  of  a  revelation 
to  British  cotton-spinners. 


•*  APPLIED  MECHANICS  FOR  BEGINNERS." 

By  J.  Duncan,  Wh.Ex.,  A.M.I.M.E.  Mac- 
millan  and  Co.,  Ltd.    324  pp. 

npHIS  little  volume  is  intended  to  provide 
-*-  students  of  engineering  and  allied  con- 
structive arts  with  a  practical  statement  of 
the  principles  of  mechanics  essential  to  an 
intelligent  mterest  in  their  occupations.  The 
various  principles  are  clearly  elucidated  and 
suitable  exercises  provided,  together  with  a 
short  course  of  laboratory  work.  There  are 
also  a  number  of  half  tone  and  line  illustrations, 
a  useful  index,  and  answers  to  problems. 

"INTERNATIONAL    ENGINEERING    CONGRESS 
(GLASGOW),  1901. ' 

Report  of  Proceedings  and  abstract  of  the 
Papers  read.  William  Asher,  Glasgow. 
406  pp. 

npHE  above  volume  neatly  summarises  the 
-*-  results  of  the  great  congress  on  engineering 
held  in  Glasgow  last  year.  The  interesting,  but 
somewhat  lengthy,  papers  read  are  represented 
in  a  condensed  form,  convenient  for  ready 
reference  ;  and  the  whole  work  should  prove  an 
indispensable  addition  to  the  library  of  the 
engineer. 
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Some  Opmioos  on  the  Septic  Tank  System*— Thiii  h  a 
second  cvtilMvn  ni  ;i  n^'Ut,  illustrated  bo.  .kit!  nf  HH  p.i^es 
and  cover,  ih^uctl  hv  tltL  Septic  T.ink  S\  ndicitc,  Ltd., 
of  7  and  i^,  Ikdiord  Ciillis,  KsettT,  It  is  profusely 
illustnitud  liy  tiaJf-tone  hlocks  from  pholoLjraphs  o{ 
inst'illalions*  in  all  parts  of  tliL*  counttv,  and  also  loit- 
tains  a  ishort  dcscriplion  of  llic  systt!ni,  to-^tthcr  with 
many  cnnipljniieiilary  leltrrs  Irani  cily  corpi>ratlotis, 
town  niKl  urhaii  disli'iLi  cimnciK.  etc, 

BrHkh  Thomson-Houston  Company^  Ltd.^  Rugby*  - 
Pampiik-t  Xu.  [T,^.  A  furthLr  .iildilion  to  \hh  hnn  > 
exhaustive  catalogue,  dealing  uith  a  new  twin  c.irbfui 
endt^^tid  arc  lamp,  fur  single  operiitioti  t>u  lii^li  vi)Jt:i.L;e 
continuous  eurrenL  eiteiiil^i  whieh,  if  is  dainieil,  is  ignite 
as  elhcitnt  as  the  lonif-,irc  mi]  Hi  pie  l.imp,  ,4nd  t;iVL&  a 
perfeelly  while  H^hl  equal  in  i. [nullity  to  th^il  Irom  a 
standritd  h\v.  auiperf  Ko-Vitll  :ire  1  nnp. 

R.  Cundall  and  Sons^  Ltd^  Shipky,— Tln^  Is  a  well 
prinled  and  ilhiMr'nited  bookkt  t'l  4M  piiji^e^^  and  enVi-r, 
describing  tht;  "  Cundall  "  Patent  Oil  Hn)^inc^^  which 
have  been  Ihoroughly  ter^ted,  and  are  t^xtcrihivelv  used 
for  drnin;^  rnaehintry  <>f  ahnosl  everv  class^  iniliidin^ 
elechiL  li^^tilini:,  slont  and  woml  workinj^,  hoistinji;, 
pumping,  printing,  a^Ticidtural,  and  otlat  kinds  nf 
maclvinerv.  Many  lettiMs  of  a  hiL^hly  euinpliinentarv 
nature  have  been  received  from  users  nj  Ihi^,  type  nl 
engine  in  all  parls  of  IIic  wnrlcL 

DtKlbndge  Iron  Works,  Ltd,,  Stj-oud,  Glos,— A  uell 
desij^ne-d  and  e\celletitly-piinted  I'umjjure  o[  j,;  p.ij^es 
andeo\er,  eunlainini^  Notne  fiilb|M|4e  illusfr.iLntns  from 
very  (int-  hah-inne  blnek-^,  poilriiving  to  ^real  ad\,nit.i^e 
thedirierent  typts  uj  "  1  hidbi  idk'e  "  Ua?^  iind  Oil  Kn^ines 
which  .tre  Fnainil.ichired  bv  this  fjnik  H  apfH  ar-*  Ihaf 
the  gEcatlv  uieteMsetl  ckniand  lor  Eliese  en^incb.  ha> 
necessitated  an  eMei^iotr  hI  the  conjpany's  prendse>, 
and  tm  thfs  piiri^oic  new  bnihhnii*^  have  been  ertxlcd 
and  neu  tnaelnne  Ioo[>  ol  (lie  mcsl  ttiodeftf  tlesi^n 
have  bteii  l:nd  rjown.  The  illuslralion  on  pa^e  j\ 
show-  ,1  new  portabtt  oil  enyitic,  l!ie  worMf^^  p:n  is  <«[ 
which  ;ue  un  >  hIiiI  -yiirdi'i  Ir. nne,  provnUd  willi  '-nil- 
able  traVcMinjj  svIiccIn  and  Ihil'l-.  Anofhri  hpe»  lalily 
mantJi,<t  (nred  bv  Hn-  in  m  1-  a  HkI  j^a-'-jii  i>diiemE^ 
plant  I'M'  driving;  ya».  en;iiiite^  and  Ini  lu:airiij^  pnr(io-v-;, 
In  thi^  conneiliiin  a  iisvHil  l.ihle  i-  >iiven  >,h(.>\^^in,i; 
capaeiticii,   atiprojcnnalv    Hp,^ee    uciiipied,    jnd    ;i.ross 


Wheelef      Condenses      and      Engtiieeftng 

Loodoa* — This  i:^  a  cataloj^ue  nf  i  20  pages  iind  crjifH^, 
illustnitinf^  and  describing  many  of  this  hrm>  prindfol 
iipccialities,  tncluding  the  WhecltT  ^Uudard  surt*i4  ci-fiii* 
denser,  Ihe  Wheeler  Admiralty  ^urfac^  condenser,  ttie 
Wheeler  Jeed-water  heater,  an  improved  c^apcirmto.  ) 
centrtrngal  pump,  the  ''  Harnard  Wlieelcf "  Mf.ilcTr 
cooling  towerSf  etc,  Tbc  many  illustratiocts  nf  erm-  1 
dens  in  f;  water^cov)liniL[  plants,  instailed  by  thi«  tinfi  ill 
vartons  parts  of  the*  vvr^rld^  are  particQlarly  rider e4ini*. 
Tire  coinpany  is  prepared  to  build  pump<j  for  -pocUt 
high  duly  service  of  ;my  capMcify  requiredt  .itud  umm^ 
other  special  work  to  its  credit  Is  the  su  »f|- , 

strnction  of  a  water  worts  pump  weighint, 
having  a  capacity  of  over  4,000,000  gallon*  t»<^r  IwHi^  1 
and  a  53'in.  discharge, 

EdwMd   Chester   and    Co*t  Ltd^    London,— The   laMt^ 

ealalogiie  issued  by  this  firm  fNo.  4)  is  H  h'ltotJfil 
of  fi4  [niges  and  coverj  well  illastmted  Ity  luli* 
tone  and  line  blocks.  It  de;ils  with  the*,*  ituuy 
speci;ditieH  in  n lining  machinery,  including  linri:!'Of)ybl 
anil  vertical  Corliss  engines  of  various  types,  and  Ibcre 
*i!c  Bomc  very  useful  tables  giving  p<iwer8  r^i  Nfli 
HpeeiLl  condensing  engines,  circumferences  and  JiTgaj 
r^l  ciretcst  with  capf^eilies  and  ^surface  of  c«j»iKkti5«^ 
ele  There  are  also  twii  or  three  draft  spe^li 
v\  hieli  catmot  fall  to  be  uf  much  service  to  | 
hnvers  ol  Corliss  engines,  both  horizontal  iind  vtTtfcsitJ 
The  hiistol  Recording  Gauge  supplied  by  tlii*  hnn, 
aiitont.dically  records  ttie  liucluationKof  steam  pftcwHTC 
upon  a  ivvitlving  chart,  and  appears  to  be  a  mt»*t  use»ul 
nislrtnnenl.  U  n\[iy  be  placed  in  the  office  or  ta.gmr 
io»>in,  at  ,niy  distance  ln>m  the  boilers  or  Vc?*sd  to 
whieli  the  pressure  is  to  be  recorded.  The  vap4Cit| 
ranges  iruii]  13  Ut  1,000  lbs.  per  square  iixdu 

The  An f^IoCont mental  Machine  Tool  Cooip&iiyi  Lki^gbu 
—  Tins  hrm— the  successors  to  the  '*  Richard!*  Ma*,  hinc 
liiol  Conipany,"  r>f  Siift'olk  House^  Laurence  Pi>tLnlf»cv 
flill,  IC.C, — have  just  issued  an  iliustraUd  hidat 
,iiul  |ii  ice-list  describing  Ihcir  many  ^t^cuhlir*  in 
ni.it  Inne  luols,  including  planing  machines  i4  vjno«*^ 
M/e^  ind  ivpcs,  b.jriiig,  dialling,  turning,  and  iikiJlm|{ 
uhKlnnes  ;  al-i^  some  Americ^iii  type"&  oi  tiiJK«  tn 
various  si/et^.  W  the  end  of  the  book  appeoi"*  a  leli>> 
grat^liJC  code  which  foreign  corrc^pondcnl!^  wilt  ItlMl 
v^ty  usetul, 
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RAT   ISLAND,    PORTSMOUTH— THE  SUGGESTED   COALING   POINT. 

THE  ROYAL  DOCKYARD  AT  PORTSHOUTH. 

BY 

W.    PRICE. 

In  giving  publicity  to  this  article,  the  Editor  would  emphasise  the  fact,  stated  elsewhere,  that  he  does 
not  necessarily  identify  himself  with  the  views  of  contributors. 

A  number  of  controversial  points  are  raised,  and  some  of  the  leading  questions  connected  with  dockyard 
administration  are  here  presented  as  they  appear  to  the  casual  observer.  Next  month  the  matter  will  be 
dealt  with  from  an  opposite  point  of  view  by  a  naval  expert. — Editor. 


,  N  view  of  the  fact  that  the 
Royal  dockyards  cost  the 
country  millions  every  year, 
yi^l  h]^\\  and  are  as  necessary  to  the 
existence  of  the  Navy  as 
the  Navy  is  to  the  existence 
of  the  Empire,  it  is  asto- 
nishing that  so  little  should  be  known  about 
them  by  the  nation,  whose  property  they  are. 

A  Royal  dockyard  is  just  a  big  engineering 
and  shipbuilding  estabhshment  that  is  pre- 
vented by  red  tape  from  becoming  as  efficient 
at  all  points  as  the  best  of  private  yards 
are.     It  differs,  too,  from  the  latter  in  that  the 


picturesque  impress  of  the  Navy  is  visible  in 
every  part  of  it.  Of  the  various  Royal  dock- 
yards, that  at  Portsmouth  is  the  most  im- 
portant, though  it  is  closely  followed  by 
Devonport  and  Chatham.  From  the  days  of 
Alfred  the  Great,  Portsmouth  has  figured 
in  naval  history,  but  the  present  dockyard  only 
dates  back  as  far  as  Tudor  times.  In  the  reign 
of  Henry  VIII.  the  yard  covered  just  eight 
acres  ;  it  now  spreads  over  about  300  acres, 
and  there  is  a  Hkelihood  of  further  extensions 
in  the  near  future. 

As  one   would   expect  in    a    place  that  has 
been  centuries  in  developing,  the  ancient  and 
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the  modern  exist  cheek  by  jowl.  In  one 
place  you  can  see  dry  docks,  closed  with 
gates  and  floored  with  stout  oaken  slabs,  and 
a  little  further  away  some  of  the  finest  dry 
docks  in  the  world.  Altogether  the  yard  con- 
tains 17  docks.  No.  I  dates  from  1340,  and  is 
253  ft.  9  in.  long,  and  57  ft.  i  in.  deep.  Nos.  14 
and  15,  the  most  modern  in  the  yard,  are  each 
565  ft.  6  in.  long,  one  of  them  is  94  ft.,  the 
other  82  ft.  deep.  These  were  built  in  order  to 
accommodate  the  big  four-funnelled  cruisers 
that  are  now  becoming  so  numerous  in  our 
fleet.  Two  other  docks  are  also  being  con- 
siderably lengthened,  because  our  warships 
have  outgrown  the  accommodation  provided 
for  them.  There  are  also  six  basins,  having  an 
aggregate  area  of  69^  acres,  the  largest  basin 
being  22  acres  in  extent  Berthing  room  for  a 
great  many  ships  is  provided  alongside  the 
jetties  and  in  the  harbour,  and  yet  the  dock- 
yard is  frequently  overcrowded. 

INADKQUATK    ■NQINHRINQ     PLANT. 

A  good  deal  of  space  is  given  up  to  store- 
houses and  workshops,  and  from  an  engineering 
point  of  view  the  latter  form  the  most  important 
section  of  the  establishment.  Even  to-day  the 
Admiralty  does  not  always  adopt  a  receptive 
attitude  towards  new  ideas,  and  in  the  past  its 
conservatism  has  often  been  adamantine.  Pro- 
posed changes  were  regarded  with  disfavour 
because  they  would  have  been  innovations ;  not 
because  they  were  unnecessary.  The  Naval 
service,  both  ashore  and  afloat,  suffered  as  a 
consequence.  In  time  a  more  progressive 
generation  came  along,  and  wrought  useful 
changes  in  the  fleet ;  but  still  the  dockyards 
were  neglected.  And  even  now  in  the  work- 
shops at  Portsmouth  and  other  similar  establish- 
ments, there  is  to  be  found  plant  that  no 
enterprising  shipbuilder  would  thinkof  retaining. 

Taken  as  a  whole,  the  engineering  plant 
is  somewhat  antiquated  and  insufficient  :  it 
cannot  cope  with  the  demands  made  upon 
the  establishment.  It  is  a  strange  com- 
mentary upon  Admiralty  methods  that  our 
chief  Naval  dockyard  is  so  poorly  equipped 
with  engineering  machinery  that  the  engines  of 
a  small  cruiser  cannot  be  built  there  without 
seriously  interfering  with  the  repairing  and 
refitting  work  on  other  vessels.     Yet  that  is 
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how  matters  stand  at  present,  as  was  proved  by 
the  delay  in  constructing  the  engines  of  H.M.S. 
Pandora^  which  are  of  only  7,000  i.h.p. 

The  Admiralty  officials  know  the  incapacity 
of  the  dockyards  in  this  particular  so  well 
that  the  engines  of  our  new  warships  are 
nearly  all  made  by  private  contractors,  even 
when  the  hulls  are  dockyard  built.  Undoubtedly 
there  is  much  to  be  said  in  favour  of  allotting 
to  private  firms  a  good  share  of  Government 
work ;  but  that  does  not  excuse  the  engineering 
deficiencies  of  our  premier  Naval  yard.  This 
establishment,  like  the  ships  attached  to  it,  for 
manning  and  maintenance  purposes,  should  be 
kept  in  a  condition  that  would  ensure  its  being 
in  the  highest  possible  state  of  efficiency  if  a 
war  broke  out.  The  yard,  however,  cannot  be 
said  to  be  kept  up  to  this  standard.  Its  engi- 
neering plant  is  insufficient  for  peace  require- 
ments, and  it  would  be  impossible  to  adequately 
meet  the  strenuous  demands  that  war  would 
make  upon  it.  Such  a  condition  of  affairs,  if 
allowed  to  continue,  could,  without  exaggeration, 
be  asserted  to  constitute  a  grave  national  danger. 

It  is  only  fair  to  the  Admiralty  to  say  that 
a  certain  quantity  of  new  machinery  has  been 
purchased.  But  the  shops  have  not  been  re- 
stocked with  it  to  the  extent  they  ought  to 
have  been*  or  to  an  extent  that  will  secure  as 
much  efficiency  as  could  be  obtained  in  the 
space  at  present  allotted  to  engineering  plant. 

A  new  steam  factory  is  to  be  erected  at 
an  estimated  cost  of  ;f  188,000  ;  but  how  much 
of  this  is  to  be  spent  on  bricks  and  mortar 
and  how  much  on  machinery  is  not  apparent. 
The  building  of  a  new  workshop  in  a  Royal 
dockyard  is  not  always  a  move  towards  greater 
efficiency  in  the  plant.  Within  the  past  few 
years  a  new  boiler-making  shop  has  been  con- 
structed at  Portsmouth  ;  but  a  good  deal  of 
old  machinery  was  used  in  its  equipment.  It 
is  to  be  hoped  that  this  policy  of  building  new 
stabling  for  old  horses  is  not  to  be  followed 
in  the  case  of  the  new  steam  factor}'.  In  the 
estimates  for  the  current  financial  year  ;^7,ooo  is 
allowed  towards  the  cost  of  the  factory.  This 
may,  perhaps,  mean  that  towards  the  end  of  the 
year  the  site  will  be  laid  out  and  the  foundations 
excavated.  Whether  the  remaining  ;^i8i,ooo 
will  be  provided  next  year,  will  depend  upon 
whether  the  Admiralty  wants  the  money  for 
other  purposes  or  not. 


Digitized  by 


Google 


THE    JAPANESE    BATTLESHIP    "  MIKASA." 
(615) 


Digitized  by 


Google 


Mfi 


Page*s   Magazine. 


WHV     IMiPMOVEMEIiTS    ARE     DELAYED. 

One  caiise  oi  the  engineering  deficiencies 
of  Portsmoutli  dockyard  is  Itiat  the  Navy  and 
the  Navaf  establishments  are  controlled  mainly 
by  sailors  (the  sea  Lords  of  the  Admiralty),  who 
are  prone  to  consider  dockyard  equipment  as 
of  secondary^  importance  to  the  multiplication 
of  ships.  Another  cause  is  the  procrastinaling 
methods  of  the  Admiralty.  If  a  private  firm 
decides  that  it  needs  new  machiners%  it  straight- 
way gets  it.  But  such  business-like  directness  is 
impossible  in  the  dockyards.  First,  ihe  Ad- 
mi  rally  has  to  be  brought  to  recognise  that  the 
new  machine  is  wanted  ;  then  the  various 
departments  concerned  have  to  take  the  matter 
into  consideration.  Eventually  the  thing  gt;t^ 
so  far  that  it  is  pot  into  the  next  year's  estimates  ; 
and  then  the  peculiar  system  of  allocating  ex- 
penditure operates  to  produce  further  delay. 
Instead  of  the  required  article  being  purchased 
outright,  a  certain  sum  of  money  is  allowed 
towards  the  cost  of  it  ;  a  part  of  the  work  is 
d^ne,  and  the  remainder  carried  over  till  the 
next  iinancial  yean  The  block  mills  at  Ports- 
moutli afford  a  good  illustration  of  the  necessity 
for  the  renewal  of  much  of  the  dockyard  plant. 
The  machinery  in  these  mills  was  designed  by 
the  elder  Brunet  in  1801,  At  that  time  its 
construction  was  a  big  jump  forward ;  but 
machinery  a  century  old  in  design  can  hardly  be 
considered  as  suitable  for  a  modern  industrial 
establishment.  Some  of  the  smithery  appliances 
arc  also  obsolete,  and  some  of  the  docks  are 
still  emptied  by  chain  pumps  that  have  done 
service  for  many  years  past.  Although  Ports- 
mouth is  the  principal  Naval  dockyard,  it 
possesses  only  one  building  slip.  This  has  been 
lengthened  so  that  a  vessel  500  ft.  long  cati  be 
laid  down   upon  it. 

SOME    UP-TO-DATE    APFLIANOEB. 

A  step  in  the  right  direction,  however,  has 
latterly  been  made  by  the  erection  of  a  new 
smithery,  and,  more  especially,  in  the  laying 
down  of  a  pneumatic  tool  plant  for  rivetting stud 
drilling  alungside  the  shp.  These  tools,  which 
are  oi  American  palter n,  are  a  most  valuable 
addition  to  the  dockyard,  where  all  rivetting 
nil  J  drilling  has  hitherto  been  done  by  hand, 
AuMthci  importaitt  improvement  is  the  intro- 
diictinn  of  what  is  reputed  to  be  the  most 
powerful   set  of   hieam  derricks  in  the   wofld. 
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These  were  erected  about  a  year  ago  by  Messrs. 
Cowans,  Sheldon  and  Co.,  Ltd.,  of  Carlisle,  and 
have  been  tested  to  150  tons.  The  illustration 
of  these  derricks  is  doubly  interesting,  as  the 
ship  lying  beneath  them  is  H.M.S.  Good  Hope, 
which  has  been  requisitioned  for  Mr.  Chamber- 
lain's journey  to  South  Africa.  For  the  working 
of  the  capstans,  the  sliding  caissons  and  some 
of  the  cranes,  compressed  air  is  generated  at  a 
central  station  and  carried  all  over  the  yard. 
To  a  considerable  extent  the  dockyard  is  built 
upon  mudland  that  was  reclaimed  by  convicts. 
But  the  wearers  of  the  broad  arrow  are  no 
longer  employed  as  dockyard  labourers,  and 
the  prison  that  housed  them  has  been  turned 
into  electrical  workshops. 

ADMINISTRATION    AND    ORGANISATION. 

So  much  for  the  engineering  aspect  of  the 
dockyard  ;  now  a  word  as  to  administration. 
There  are  some  10,000  workmen  employed  at 
Portsmouth,  and  the  wages  bill  is  upwards  of 
;^i4,ooo  weekly.  This  is  exclusive  of  officials* 
salaries  and  the  pay  of  the  not  inconsiderable 
number  of  men  from  the  Naval  Depot  who  are 
employed  about  the  yard  in  one  capacity  or 
another — mainly  upon  ships.  The  Commander- 
in-Chief,  who  is  a  full  Admiral,  has  control  over 
the  ships  commissioned  and  ready  for  com- 
mission, the  Naval  Depot  and  the  gunnery  and 
torpedo  schools.  The  dockyard  proper  is  in 
the  charge  of  a  Rear-Admiral,  denominated  the 
Admiral-Superintendent,  who  receives  in  pay 
and  allowances  ;^i,883  per  year,  and  is 
furnished  with  a  residence.  He  also  has  a 
professional  adviser  called  a  civil  assistant. 
This  official,  who  is  an  ex-Chief  Constructor, 
draws  a  salary  of  ;^  1,000  a  year.  Other  heads  of 
departments — are  the  Chief  Constructor,  whose 
maximum  salary  is  ;f  850  a  year  ;  the  Chief 
Engineer,  who  receives  ;^75o  a  year,  and  is  a 
naval  officer ;  and  the  Director  of  Works,  a 
Royal  Engineer  officer,  who  is  paid  ;^i,ooo 
a  year.  The  Staff  Captain  and  King's  Harbour- 
master, and  captains  of  the  dockyard  and  fleet 
reserves  are  not,  strictly  speaking,  dockyard 
officials,  though  their  duties  lie  within  the  yard 
and  they  have  official  residences  there.  Admiral- 
Superintendents  are  appointed  for  three  years. 
Usually  they  are  men  who  have  spent  the 
greater  part  of  their  lives  at  sea,  and  conse- 
quently their  training   has   not   perhaps   been 
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of  the  kind  that  best  fits  a  man  to  guide  a  big 
industrial  concern.  At  present,  however,  Ports- 
mouth possesses  an  Admiral-Superintendent 
who  has  good  qualifications  for  his  post.  But 
past  experience  of  this  and  other  yards  has 
demonstrated  that  though  a  man  may  be  an  ex- 
cellent fleet-commander,  he  may  not  be  suitably 
qualified  for  the  post  of  Admiral-Superintendent. 
It  can  scarcely  be  expected  that  a  system  that 
often  plumps  round  men  into  square  holes 
can  produce  uniformly  successful  results. 
The  best  man  to  manage  a  shipyard  is 
unquestionably  the  one  who  is  specially 
fitted,  by  his  training,  for  the  post.  A  man 
who  has  spent  the  greater  part  of  his  life  in 
learning  seamanship,  gunnery,  etc.,  can  hardly 
possess  many  qualifications  for  managing  a  big 
shore  establishment.  The  complexities  of  dock- 
yard organisation  are  difficult  to  understand. 
But  there  are,  however,  some  good  points 
about  it,  one  of  the  best  of  which  is 

THK    8Y8TKM    OF    TRAINING    MKCHANICS. 

The  majority  of  people  will,  no  doubt,  be 
surprised  to  learn  that  there  exists  in  the  Royal 
dockyards  a  system  of  technical  education  that 
might  advantageously  be  taken  as  a  model  by 
the  country  generally.  No  Cockerton  judg- 
ments can  interfere  with  it,  and  it  has  for  years 
past  given  splendid  results.  Apprentices  pass 
into  the  yard  by  examination,  and,  after  getting 
in,  have  to  attend  the  dockyard  school  for  a 
period  of  three  years.  They  thus  get  practical 
knowledge  in  the  shops  and  theoretical  instruc- 
tion in  the  classes.  In  order  to  encourage  the 
lads,  the  highest  boys  at  the  yearly  examinations 
are  made  either  engineer  students  at  Keyham 
College  or  students  of  naval  construction,  as  the 
case  may  be. 

Sir  E.  J.  Reed,  Sir  William  White,  Mr. 
Philip  Watts,  nearly  all  the  Chief  Construc- 
tors in  the  Royal  dockyards,  and  many  men 
who  hold  important  positions  under  private 
firms,  began  life  as  apprentice  boys  at  Ports- 
mouth and  other  Royal  dockyards,  and 
owe  their  start  in  life  to  the  teaching  of  the 
dockyard  schools.  This  educational  system 
furnishes      the     yards     with     highly     skilled 


mechanics  ;  and  in  order  that  the  Govern- 
ment may  have  a  hold  upon  them,  a  certain 
proportion  of  the  men  are  "  established  " — that 
is,  they  become  civil  servants,  and,  as  such,  are 
entitled  to  pensions  at  the  age  of  sixty.  A  good 
many  of  them  must  perforce  remain  at  their 
tools,  as  opportunities  for  promotion  are  limited, 
and  the  only  hope  they  have  of  earning  extra 
money  is  by  qualifying  as  divers.  A  good  deal 
of  diving  work  is  done  in  the  dockyards.  Divers 
are  wanted  every  time  a  ship  is  docked,  and 
also  for  repairs  to  caissons,  etc. 

COALING    FACIUTIKS. 

One  of  the  basins  at  Portsmouth  is  given  up 
to  ships  in  the  A  Division  of  the  Fleet  Reserve, 
vessels  that  are  ready  for  commissioning.  Close 
by  these  is  the  coaling  point,  which  should 
store  about  20,000  tons  of  coal.  Usually  a  much 
larger  quantity  is  laid  there,  and  within  recent 
years  fires  caused  by  overcrowding  the  storage 
space  have  given  some  trouble.  To  prevent  a 
recurrence  of  these,  and  to  provide  more  liberally 
for  the  demands  of  the  ships,  plans  were 
prepared  for  the  provision  of  a  big  coaling 
depot.  Rat  Island,  in  Portsmouth  Harbour, 
which  is  now  used  as  a  parade  ground  by  the 
boys  of  H.M.  training  ship  St.  Vincent^  was 
suggested  as  a  suitable  spot,  but  owing  to  the 
difficulty  of  finding  good  foundations  for  the 
piling,  it  seems  probable  that  this  scheme  may 
be  abandoned.  In  this  event,  some  other 
must  be  devised  in  place  of  it,  for  the  present 
coaling  depot  is  not  only  too  small,  but  is  also 
insufficiently  equipped  with  transporting  ap- 
pliances. Only  one  big  ship  at  a  time  can  fill 
her  bunkers  alongside  it. 

In  Portsmouth  Harbour  are  many  acres  of 
mudbanks.  The  work  of  removing  these  in 
order  to  provide  moorings  for  more  ships  is 
being  steadily  proceeded  with.  Every  year 
some  ;^S,300  is  spent  upon  the  dredging 
operations.  Eut  unless  the  rate  of  progress  is 
accelerated,  many  years  must  elapse  before  the 
area  of  deep  water  is  greatly  extended.  How- 
ever, valuable  anchorage  space  has  been  added 
to  the  port,  which  can  now  afford  a  haven  for  a 
considerable  fleet. 
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ARGUMENT. — Conventionality  and  hatred  of  novelty— one  reason  for  want  of  enterprise  in  England. 
Different  ways  of  financing  an  invention.  Finance  in  early  stages.  The  syndicate  and  its  troubles. 
Inertia  and  want  of  enterprise  of  moneyed  men.  The  limited  company  and  its  evils.  A  typical  inventor 
and  his  difficulties.  His  own  industry  will  not  have  him.  Outsiders  ignorant.  He  gets  up  a  syndicate. 
He  gives  up  most  of  his  interest.  The  syndicate  gets  short  of  money.  Forming  a  large  company.  The 
ways  of  promoters.  Indecision.  Waste  of  time  and  money.  Final  flotation.  Outrageous  capital. 
Incompetent  directors.     Final  catastrophe.    What  is  wanted. 


nPHE  more  unpractical  of  the  political 
^  economists  assume  that  a  good  thing 
will  at  once  displace  a  bad  one  ;  and  that  a 
different  manufactiire,  as  good  as  an  old  product 
or  better,  and  at  the  same  time  cheaper,  will 
replace  it  forthwith.  Such  a  theory  as  this  is 
heJu  only  by  people  with  a  profound  ignorance 
of  human  nature.  We  have  all  a  great  deal  of 
the  savage  in  us  still,  and  one  of  tlie  strongest 
characteristics  of  the  savage  is  his  hatred  of  the 
labour  of  adopting  anything  new.  People  dis- 
like anything  that  involves  bodily  exertion,  but 
they  generally  hate  anything  that  involves  think- 
ing, and  more  especially  anything  like  decision. 
Conventionality  and  custom  are  merely  devices 
for  saving  people  the  trouble  of  thinking  or 
deciding.  In  order  to  save  us  the  trouble  of 
deciding  for  ourselves,  it  is  beneficently  settled 
for  us  that  we  must  wear  clothes  of  a  particular 
shape  and  colour,  that  our  hats — in  London,  at 
any  rate — must  be  cylinders  of  paste-board 
covered  with  the  excretions  of  insects  ;  that  we 
must  have  open,  smoky  fires  with  a  shelf  over 
each,  bearing  three,  five,  or  seven  jars,  or  an 
even  number  of  jars  and  a  clock,  that  we  shall 
eat  off  discs  of  silicate  of  alumina,  and  not  off 
wood  or  metal ;  that  we  shall  expose  the  tender 
legs  and  arms  of  babies  to  the  weather  ;  that  we 
shall  sleep  half  the  day  and  sit  up  half  the  night ; 


and  so  on  through  ninety-nine  out  of  a  hundred 
of  the  petty  details  of  our  existence.  All  this 
is  to  save  us  the  pain  of  decision.  In  so  far  as 
it  means  economy  of  decision,  so  that  we  are 
more  able  to  decide  in  other  cases  that  come  up, 
conventionality  is  a  good  thing  ;  but  to  the 
extent  that  it  saves  decision  altogether,  it  is 
merely  keeping  up  our  savage  character.  Ex- 
treme conventionality  is  conspicuous  among 
savages,  and  among  lower  types  generally. 
The  schoolboy,  being  undeveloped,  is  much 
more  conventional  than  the  man,  and  woe 
betide  the  luckless  youth  who  tries  to  do  any- 
thing new  or  original  at  a  public  school.  Next 
come  women,  and  next  to  them  comes  the  average 
man.  Most  men  hate  to  have  to  arrive  at  any 
decision  on  anything,  and  loathe  anything  new 
that  involves  any  change  of  mental  attitude. 
The  ordinary  magistrate's  hatred  of  the  bicycle 
ten  years  ago,  and  the  persecution  of  the  motorist 
to-day,  are  due  to  savagery.  The  local  opposi- 
tion to  electrical  tramways,  the  objections  raised 
to  iron  steamships  and  breech-loading  guns  in 
the  Navy,  and  to  anything  modem  in  the  Army, 
and  generally  to  all  improvements  that  involve 
change,  are  due  to  the  same  survival  of  savage 
instinct. 

The  unfortunate  inventor  is  thus  tremendously 
handicapped  from  the  very  beginning.     Every- 
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thing  seems  to  be  against  him  in  the  early  stages, 
when  he  is  working  out  his  crude  idea,  and  the 
whole  world  is  against  him  as  soon  as  he  tries 
to  develop  it  commercially.  The  man  of  un- 
applied science  has  difficulty  in  getting  a  new 
theory  understood,  or  a  new  discovery  realised  ; 
but  he  has  mainly  to  depend  on  other  men  of 
unapplied  science  for  his  reputation.  At  the 
very  worst,  if  he  can  but  publish  a  paper,  he  is 
seciu*e,  as  it  is  only  a  matter  of  time.  If  he 
does  not  belong  to  the  right  scientific  clique  he 
may  have  his  papers  rejected  by  learned  societies, 
or  buried,  as  Waterston's  was,  or  may  meet  with 
opposition,  as  in  the  case  of  young  Helmholtz  ; 
but  he  only  has  to  wait,  and  if  he  is  right  he  gets 
his  full  reward.  He  has  not  to.persuade  capit- 
alists or  the  pubHc  that  his  views  are  right. 
An  inventor,  on  the  other  hand,  must  not  only 
work  out  his  theory,  or  make  his  discovery, 
which  is  as  far  as  his  colleague  goes  ;  but  he  has 
to  work  out  details,  get  his  invention  into  a 
practical  shape,  and  get  it  taken  up  by  the  public. 
If  he  fails  in  any  one  of  these  matters,  he  reaps 
neither  credit  nor  anything  more  solid ;  he 
might  much  better  have  left  the  whole  thing 
alone. 

WHY     BRAINS    AND    MONEY    DO    NOT    GO 
TOQETHER. 

It  has  been  said  that  some  people  have  money 
and  other  people  have  brains.  The  obvious 
retort  is  that  if  the  other  people  have  brains 
they  ought  to  get  the  money  too.  The  proverb 
looks  like  the  outcome  of  envy,  and  at  first 
sight  seems  to  have  no  foundation  in  fact.  But 
it  may  be  true  all  the  same,  and  there  may  be  a 
ver\'  good  reason  for  it.  Life  is  so  short  that  it 
is  very  difficult  for  a  poor  man  to  become  very 
rich,  at  any  rate  in  this  country.  But  the 
struggle  which  the  poor  man  has  to  undertake 
excites  the  growth  of  his  mental  faculties,  and 
though  it  may  not  give  him  any  more  new 
brains,  it  sharpens  and  trains  what  he  has. 
The  great  man  in  nearly  all  walks  of  life  has 
had  a  hard  struggle  when  young,  and  he  not  only 
succeeds  because  he  is  a  great  man,  but  he  is  a 
great  man  largely  because  he  has  had  to  struggle 
in  early  years.  But  the  unfortunate  inventor, 
unless  his  invention  is  of  some  very  peculiar 
kind,  has  to  be  financed,  and  is  thus  dependent 
on  moneyed  people  for  his  start,  and  people  who 


talk  glibly  about  making  fortunes  by  inventions 
have  very  little  idea  of  the  difficulties  in  the  wa\ 
of  the  inventor  who  wants  capital. 

We  may  consider  the  different  t3^pes  of  people 
who  finance  inventions,  and  try  and  see 
the  causes  of  the  want  of  enterprise.  We  are 
told  by  the  newspapers  that  the  country  is  in  a 
bad  way  because  we  are  now  devoid  of  enter- 
prise. This  is  ascribed  to  many  causes.  Want 
of  technical  education  is  one  reason  given,  and 
there  may  be  a  good  deal  in  it.  This  cry  is, 
however,  also  largely  due  to  the  technical  science 
teacher,  who  wants  to  glorify  his  office ;  and  until 
our  technical  school  teachers  are  technologists 
with  practical  knowledge  we  shall  not  get  any 
technical  teaching,  and  while  they  are  mere  im- 
practical bookmen,  who  insist  on  trying  to  teach 
technology  which  they  do  not  understand,  instead 
of  unapphed  science,  which  they  might  more  easily 
study,  we  must  do  without  the  teaching  of  first 
principles  too.  But  there  is  something  far 
deeper  than  any  matter  of  technical  education  : 
there  is  a  complete  want  of  enterprise.  Is  it 
not  because  money,  and  therefore  control  of 
industry,  is  largely  in  the  hands  of  the  sons 
of  the  people  who  made  it  ?  A  man  in  the  busy 
part  of  last  century,  owing  to  a  plucky  struggle 
as  a  young  fellow,  develops  a  large  manufac- 
turing business.  In  due  time  his  sons  come 
into  it.  They  have  had  an  easy  time  as  boys, 
and  are  only  able  to  carry  the  business  on. 
It  takes  little  to  carry  on  an  established  business  ; 
it  will  in  a  way  go  on,  and  even  increase,  of 
itself.  If  the  sons  work  at  their  father's  busi- 
ness they  do  so  in  a  rather  ineffectual  way,  but 
they  are  more  likely  to  take  no  interest  in  it 
whatever.  In  England  snobbery  does  us  great 
harm  industrially.  We  have  still  the  idea  that 
a  gentleman  is  a  man  with  no  occupation.  The 
ambition  of  the  son  of  the  cotton  spinner  or 
iron-master  is  to  belong  to  the  county.  He 
therefore  buys  a  house  away  from  the  town 
where  his  work  is,  and  hunts  and  shoots,  become^J 
a  country  magistrate,  and  believes  it  will  be 
bad  time  for  the  country  when  the  good  ol<] 
sporting  country  gentleman  dies  out.  Such 
man  as  this  puts  any  money  he  has  to  sparj 
into  various  Hmited  liabihty  companies,  whicll 
last  a  year  or  two  and  then  retire  to  thJ 
ewigkeit.  We  will  deal  with  limited  companies 
presently. 
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THE    LIMITED    COMPANY. 

Another  type  of  man  entirely  is  the  City 
financier.  He  is  keen  enough  in  a  way ;  but 
he  knows  nothing  of  industry,  and  he  is  only 
concerned  with  floating  limited  companies 
and  selling  out  quickly.  All  he  wants  is 
to  get  shares  which  are  rising  and  to  sell  them 
at  a  higher  value.  He  does  not  concern  himself 
in  the  least  with  industrial  success. 

The  limited  liability  company  was  intended 
as  a  means  by  which  all  sorts  of  big  enterprises 
might  be  taken  up  by  small  investors  without 
danger.  It  was  intended  as  a  great  blessing, 
but  its  results  are  quite  the  reverse.  Most 
people  who  are  wise  do  not  live  up  to  their  in- 
comes, and  they  want  to  invest  the  difference. 
There  is  no  difficulty  in  finding  a  safe  investment 
at  low  interest,  but  people  think  they  can  do 
better  by  investing  in  limited  companies  with 
glowing  prospectuses,  and  as  a  rule  they  lose 
their  mone3^  But  a  man  who  loses  his  money 
in  this  way  does  not  realise  that  he  was  a  fool. 
He  says  :  "  Ah,  well,  it  was  only  a  flutter ; 
better  luck  next  time." 

The  limited  company  system  is  a  colossal 
machine  for  getting  rid  of  the  savings  of  the 
nation  in  the  most  unsatisfactory  way.  Of 
course,  many  large  undertakings  have  to  be 
limited  as  to  liabihty,  but  are  otherwise  worked 
on  the  same  lines  as  private  concerns.  Their 
shares  may  be  good  investments,  but  they  are 
generally  bought  by  people  who  know,  and  do  not 
go  to  the  outsider.  It  never  seems  to  occur  to 
the  ordinary  speculator  that  if  the  shares  in 
something  he  knows  nothing  about  were  valu- 
able they  would  be  bought  by  the  people  who 
do  know  about  it,  and  they  are  only  offered  to 
outsiders  because  insiders  will  not  have  them. 
Investors  in  companies  act  like  sheep.  Some 
acquaintance  makes  some  money  out  of  a  com- 
pany because  an  even  bigger  fool  buys  the 
shares  from  him  at  an  increased  value.  All 
his  friends  regard  him  as  a  sort  of  financial 
genius,  and  he  becomes  a  bell-wether,  and 
eventually,  if  cunning,  he  may  develop  into 
a  director. 

There  are  fashions  in   investment   too.     At 
one    time   Australian   mines   were    the   proper 
thing.     It  was  the  custom  in  Australia  to  float 
I    anything  of  little  value  in  England.     On  one 
occasion  a  cable  message  from  this  country  ran  : 


"  Stake  out  some  mine  directly ;  sold  it  for 
hundred  thousand."  The  gold  mine  is  the 
most  popular,  however;  probably  the  average 
investor  thinks  gold  is  of  necessity  more  valuable 
than  copper,  lead,  or  zinc.  We  are  not,  how- 
ever, concerned  with  limited  companies  generally 
— that  would  be  a  very  large  subject.  We  need 
only  discuss  their  relation  to  the  inventor  who 
needs  financial  assistance  to  develop  a  new 
industry. 

THE    INVENTOR'S    POSITION. 

We  may  take  an  imaginary  inventor  with  a 
typical  invention,  and  describe  his  experiences. 
We  imagine  the  inventor  to  be  a  young  and 
unknown  man,  who  is  well  up  in  the  technology 
of  his  subject,  and  we  will  assume  he  has  dis- 
covered a  new  way  of  making  white-lead.  We 
will  assume  not  only  that  he  thinks  he  has 
made  this  discovery,  but  that  he  has  actually 
discovered  a  way  of  making  a  pigment  from 
lead  which  is  cheaper  than  white-lead  and  better 
as  to  colour,  covering  power,  and  working  with 
oil.  He  has  made  a  few  ounces  with  great 
difficulty  at  home,  so  he  puts  his  sample  in  his 
pocket,  and  asks  to  see  the  proprietor  of  a  white- 
lead  works.  He  cannot  get  past  a  junior  clerk, 
who  takes  his  sample  bottle  and  leaves  it  on  a 
mantelpiece  with  little  bottles  of  oil  and  other 
samples  left  by  travellers.  The  oldest  bottles 
have  half  an  inch  of  dust  on  them,  the  others 
less  in  proportion.  In  a  month  he  comes  back, 
and  sees  his  bottle  where  it  was  put,  and  finds 
nothing  has  been  done.  Probably  he  never 
gets  past  the  junior  clerk  at  all.  But  he  tries 
many  white-lead  makers,  and  eventually  gets  to 
the  proprietor.  He  is  generally  away  shooting, 
or  in  the  country,  and  only  comes  to  the  works 
once  a  month,  and  can  spare  very  few  minutes. 
He  says  :  **  I  don't  believe  in  artificial  white- 
lead.  It's  been  tried  before,  and  is  no  use." 
This  seems  to  him  a  conclusive  argument.  The 
inventor  urges  that  he  has  studied  the  whole 
subject  and  knows  exactly  what  has  been  done 
and  what  has  not,  and  that  his  white-lead  is  all 
right.  *'  But  it  is  artificial,  is  it  not  ?  And  if 
so,  I  tell  you  artificial  white- lead  has  been  tried 
before  and  won't  do.  Good-bye."  This  is  as 
far  as  he  is  likely  to  get  with  a  manufacturer. 
If  he  is  very  persistent  the  proprietor  may  say  : 
**  Well,  I'll  give  your  sample  to  my  chemist  to 
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try  ;  I  am  not  a  technical  man  myself."  The 
chemist  probably  analyses  it,  and  has  a  pre- 
conceived theory  that  the  goodness  of  white- 
lead  varies  directly  or  inversely  as  the  hydrate 
present,  it  does  not  matter  which,  or  he  ex- 
amines it  with  an  oil-immersion  objective,  and 
if  the  particles  are  not  of  the  shape  he  is  accus- 
tomed to  he  will  have  none  of  it.  He,  therefore, 
reports  against  a  new  white -lead  with  an  abnormal 
composition.  He  would  report  against  it  any- 
how, because  he  does  not  really  know,  and  if  he 
reported  a  bad  thing  good  he  would  get  into 
difficulties,  while  in  the  reverse  case  nothing 
happens.  He  is  prejudiced  against  anything 
new  in  any  case,  and  sitting  on  someone  else 
makes  him  feel  superior.  Moreover,  if  he  let 
another  man  with  technical  knowledge  into  the 
works  he  might  be  ousted.  However  good  the 
invention,  it  has  no  chance  with  the  works 
chemist,  or  his  analogue  in  other  businesses. 

It  is  hardly  necessary  to  say  that  the  white- 
lead  maker  and  the  inventor  are  entirely  imagi- 
nary. The  only  whitel  ead  maker  I  have  known 
is  remarkably  keen  about  any  invention  or 
improvement  that  he  can  get  hold  of.  White- 
lead  is  merely  taken  as  a  typical  case. 

It  may  be  said  that  this  view  of  a  typical 
manufacturer  is  absurd  ;  the  proprietor  of  a 
works  is  far  too  eager  and  keen  to  let  a  good 
chance  slip  by.  It  must  be  remembered  that 
he  is  not  himself  technical ;  that  he  has  many 
supposed  inventions  brought  him,  and  is 
quite  unable  to  judge  of  them.  In  addition, 
taking  up  a  new  thing  involves  changes,  and 
he  would  have  to  decide  things,  and  there  is 
nothing  such  a  type  of  man  hates  more  than 
having  to  decide  anything. 

The  inventor  therefore  tries  the  paint  mer- 
chants. They  do  not  believe  inartificial  white- 
lead.  One  enterprising  man  may  go  so  far  as 
to  say  :  *'  Send  us  a  hundredweight,  and  we'll 
let  our  painters  try  it."  Of  course,  the  inventor 
cannot  make  a  hundredweight.  If  he  did,  the 
painter  would  guess  it  was  something  new  and 
report  against  it  at  once.  No  workman  can 
stand  anything  new.  Even  if  it  were  ever  so 
much  better  he  would  oppose  it. 

The  wretched  inventor  has  thus  no  chance  of 
getting  his  idea  taken  up  by  the  pro])er  people, 
that  is  to  say,  those  already  in  the  industry. 
He  therefore  turns  to  outsiders. 


THE    INVENTOR    TRIES    OUTSIDE    HELP. 

The  first  thing  he  wants  is  a  few  hundred 
pounds  to  try  his  invention  on  a  larger  scale. 
He  cannot  get  at  any  big  capitalist,  because  he 
is  unknown  and  the  affair  appears  too  small. 
He  has  already  wasted  perhaps  a  year  tn^nng  to 
get  a  hearing  in  the  trade.  He  now  himts  up 
various  people,  and  at  last  gets  the  ear  of  some- 
one, who  is  asked  to  put  up  £500  for  a  half  share 
in  the  venture.  He  views  the  matter  favourably, 
but  cannot  decide  on  such  an  important  matter 
quickly.  He  has  to  be  humoiu-ed.  After  six 
months  of  anxiety  and  disappointment,  the 
inventor  again  gets  an  interview.  **  Oh,  well,  I 
thought  you  knew  I'm  taking  up  another 
matter,  and  I  can't  go  into  your  affair  now. 
Your  scheme  only  offered  a  final  profit  of  30  per 
cent,  on  the  capital ;  I  have  come  across  a 
young  genius  whose  invention — a  cheap  way  of 
making  celluloid — promises  much  more  than 
that.  In  the  words  of  the  claim  it  is :  Treat- 
ing shrimps  with  acetone,  filtering  off  the  shrimj>s. 
and  evaporating  the  filtrate  to  recover  the 
acetone,  leaving  the  celluloid  in  blocks,  sub- 
stantially as  described."  **Have  you  ever 
tried  that  invention  or  consulted  an  expert  ?  " 
**  My  inventor  is  a  young  genius  ;  he  knows  it 
will  work  without  tr\dng  it.  I  did  ask  an  expert 
and  he  said  shrimps'  cases  are  not  celluloid : 
but  as  he  could  not  say  what  else  they  were,  I 
don't  believe  he  knows  anything  about  the 
matter,  and  is  prejudiced.  My  inventor  does 
not  know  anything  about  theory,  and  is  therefore 
independent  of  it.  Celluloid  is  worth  several 
shillings  a  pound,  and  the  by-products  being 
perfectly  shelled  are  more  valuable  than  the 
original  shrimps,  and  will  be  sold  for  potting. 
Why,  we  can  make  a  fortune  from  the  by-products 
alone !  "  Who  does  not  know  the  inventor 
with  by-products  ! 

The  capitalist's  relation  with  the  engineer 
expert  is  also  very  curious.  As  a  rule,  a  man 
will  carefully  avoid  consulting  an  expert  before 
investing.  If  he  does  come,  he  does  not  want 
your  real  opinion,  he  wants  his  own  backed  up. 
If  you  advise  against  the  investment  he  is  very- 
much  annoyed,  and  probably  invests  all  the 
same.  He  thinks  you  are  prejudiced,  or  that 
you  are  afraid  to  run  the  risk  of  recommending 
anything,  in  case  of  failure.  On  the  other  hand, 
if  you  recommend  the  investment,  and  make  a 


Digitized  by 


Google 


Commercial  Development  of  Inventions. 


623 


mistake  in  so  doing,  and  the  investor  loses  his 
money,  he  does  not  blame  you.  He  treats  you 
as  a  sort  of  brother  in  adversity,  and  recom- 
mends you  to  other  people,  and  your  practice 
thrives. 

THE    INVENTOR    FORMS   A   SYNDICATE. 

We  will  suppose,  however,  that  in  some  way 
or  another  the  inventor  has  got  a  few  people 
to  back  him  up,  and  has  formed  a  syndicate 
with  £1,000  available  to  try  his  invention  on  a 
larger  scale.  He  has  probably  spent  from  one 
to  two  years  in  doing  this,  and  has  had  to  give 
away  most  of  his  interest  in  the  invention,  and 
has  got  much  less  money  than  he  thinks  neces- 
sary' for  the  work.  He  probably  under- 
estimates the  cost  anyhow,  as  even  people  with 
great  experience  of  experimental  work  generally 
under-estimate  the  expense.  The  result  is 
that  the  money  is  finished  before  the  experi- 
ments are  completed.  The  men  who  have  put 
in  the  money  will  not  put  in  any  more.  Each 
put  in  a  hundred  with  the  idea  of  getting  ten 
thousand.  He  will  let  his  hundred  take  its 
chance,  but  on  no  condition  will  he  put  in 
more.  The  inventor  has  given  away  so  much 
of  his  own  interest  that  he  has  no  further  in- 
ducement to  offer.  Nine  good  inventions  out 
of  ten  are  lost  at  this  point.  No  new  men  will 
come  in,  for  they  say  :  "If  your  own  people 
won't  find  you  the  money,  there  must  be  some- 
thing wrong.'*  The  idea  of  getting  the  process 
examined  technically  is  out  of  the  question. 

But  we  will  suppose  this  particular  inventor 
to  be  more  fortunate  than  most,  and  that  he  has 
succeeded  in  getting  as  much  money  as  neces- 
sary. It  is  probably  a  larger  sum  than  need 
be,  because  his  financial  friends  will  have 
taken  months  and  months  to  consider  the 
question  of  finding  more  money,  so  that  the 
works  have  been  going  on  in  an  inefficient  and 
expensive  way.  But  in  spite  of  that  we  will 
suppose  he  has  spent  ten  thousand  or  so  on 
his  works,  and  has  made  several  tons  of  very 
good  white- lead,  but  the  works  being  purely 
experimental,  and  very  small,  cannot  be  run  on 
a  pacing  scale.  Now  comes  the  most  difficult 
time  of  all.  He  has  to  get  a  company  formed 
large  enough  to  make  white-lead  commercially 
on  a  pacing  scale.  This  needs,  let  us  say, 
some  £50,000  available  in  cash. 


I  must  again  repeat  that  I  have  no  particular 
individual  inventor  in  my  eye.  The  case  is 
typical  only.  The  only  white-lead  inventor  I 
know  about  did  not  get  so  far  as  this.  An 
investor,  as  a  rule,  not  only  wants  good  terms, 
but  he  will  not  come  in  unless  he  gets  better 
terms  than  all  the  previous  investors.  The 
inventor,  as  far  as  I  understand  the  matter, 
not  only  gave  away  his  whole  interest,  but  in 
his  anxiety  gave  away  some  of  it  twice  by  mis- 
take. The  result  is  a  deadlock,  and  he  is  doing 
other  work.  His  white- lead  may  be  very  good 
indeed — I  do  not  know — but  he,  and  probably 
no  one  else,  will  ever  get  anything  out  of  it. 

EXPERIENCE   WITH    FINANCIERS. 

The  inventor's  financial  friends  are  probably 
not  in  the  swim  as  company  promoters.  They 
are  small  capitalists  who  have  gone  as  far  as 
they  care  to,  and  now  expect  other  people  to 
sow  and  grow  their  har\'est  for  them.  He 
approaches  a  financial  house.  With  great 
difficulty  he  gets  at  one  of  the  partners,  who 
knows  nothing  about  white-lead,  and  cares  less, 
for  he  has  nothing  to  do  with  the  final  commercial 
results.  If  he  can  form  a  company  which  the 
public  will  take  up,  so  that  he  gets  his  money  at 
once,  he  will  be  willing  to  do  so.  He  must  have 
special  terms  himself.  This  means  that  the 
syndicate  gets  practically  nothing,  and  the 
inventor  a  small  share  of  that.  He  will  discuss 
it  with  his  financial  friends.  After  a  few  months, 
during  which  the  inventor  worries  the  financier 
at  intervals,  the  financier  says  he  cannot  take 
the  matter  up.  The  inventor  tries  another 
house.  After  much  delay  he  sees  one  of  the 
principals,  who  says  :  "  No.  I  lost  money  over 
a  process  once,  so  I  am  not  going  in  for  any 
more  processes.  If  you  had  a  mine,  or  a  wireless 
telephone,  or  a  submarine  passenger  steamer, 
or  something  striking,  I  could  deal  with  you." 

By  this  time  his  process  will  have  been 
"  hawked  about,"  as  it  is  called.  This  is  one 
of  the  most  mysterious  disqualifications.  If  a 
financier  hears  of  anything  from  more  than  one 
quarter,  he  condemns  it  off-hand  on  the  ground 
that  it  has  been  hawked  about.  It  is  very 
difficult  to  see  why.  Every  financier  wants 
special  terms,  and  unless  he  can  get  in  on  what 
he  considers  better  terms  than  other  financiers, 
he  will  not  go  in.    If  other  financiers  have  had  the 
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opportunity  of  going  in,  he  has  no  special  chance. 
Neither  will  he  set  his  judgment  up  against  that 
of  the  earlier  financier.  As  a  matter  of  fact, 
neither  has  any  judgment  to  set  up,  for  they 
know  nothing  technically,  and  merely  estimate 
the  chance  of  shoving  a  company  on  the  public. 
Meantime  the  syndicate  is  getting  into  greater 
and  greater  difficulties  owing  to  the  delay. 
The  City  men  say  the  Money  Market  is  down, 
or  South  Africans  are  doing  something  eccentric. 
At  this  stage  some  people  probably  offer  to 
take  the  matter  up,  and  want  a  free  option  for, 
say,  two  months.  They  do  nothing  at  all,  but 
hope  that  in  two  months  the  syndicate  will  be 
glad  to  accept  anything.  At  the  end  of  the 
two  months  they  offer  a  loan  of  £500  for  a 
four-fifths  share  or  something  equivalent.  The 
financiers'  delay  is  no  doubt  generally  due  to  pure 
indecision  and  want  of  grit,  but  it  is  also  some- 
times tinged  with  questionable  integrity. 

It  will  generally  be  found  that  the  financial 
circles  really  are  circles.  A  white-lead  process 
will  always  come  round  eventually  to  one  or 
two  men  who  act  as  a  sort  of  bell-wethers. 
They  have  made  money  out  of  some  other 
process  perhaps.  When  they  invest,  the  sheep 
all  follow,  so  the  whole  success  of  the  pro- 
cess really  depends  on  them.  They  probably 
do  not  know  the  difference  between  white-lead 
and  black-lead,  but  they  have  the  reputation 
of  "  knowing  a  good  thing  when  they  see  it.'* 

At  this  stage  the  inventor  and  his  friends 
have  probably  spent  several  years  and  several 
thousand  pounds.  They  have  a  process  which 
is  good  and  valuable,  and  worth  a  great  deal  of 
money ;  but  they  are  totally  unable  to  get  it 
considered  seriously.  Probably  no  expert  has 
examined  it  on  behalf  of  any  investors,  because 
they  have  not  got  so  far  as  that.  The  whole 
thing  stands  condemned  because  it  promised 
no  ridiculous  profits,  and  because  those  directly 
interested  in  it  are  too  inert  and  unenterprising, 
while  the  City  man  regards  it  as  gone  stale. 
What  generally  happens  at  this  stage  is  that 
the  whole  thing  collapses,  and  the  patents  are 
allowed  to  drop.  Then  the  process  is  taken  up 
in  Germany  or  America,  without  any  payment 
of  royalty,  and  worked  commercially,  and  the 
papers  say  we  want  protection,  and  the  science 
teachers,  who  never  invented  anything,  say 
we  want  technical  education. 


HE   QET8    A   COMPANY    FORMED. 

But  suppose  they  really  induce  a  financial 
house  to  form  a  company.  The  procedure  is 
complicated  and  mysterious,  and  only  a  specialist 
in  company  formation  could  say  exactly  what 
happens.  First  we  will  suppose  ;f 50,000  in  cash 
is  needed  to  put  up  the  works.  An  ordinary 
person  would  say  that  if  the  syndicate  were  to 
have  a  half  share  the  capital  should  be  ;^ioo,ooo, 
half  of  this  being  paper.  Nothing  of  the  sort! 
The  capital  will  be  about  ;^300,ooo,  and  the 
syndicate  will  not  get  half,  nor  anything  like  it. 
and  the  inventor  may  get  what  chemists  call 
a  "  trace."  Out  of  the  ^300,000  probably  halt 
will  be  issued  for  cash.  Where  it  all  goes  to 
is  a  mystery  to  the  outsider,  but  there  are 
various  calls.  In  the  first  place  the  promoter 
will  not  go  on  unless  the  shares  are  under- 
written. The  underwriters  want  a  good  deal 
for  their  risk,  for  if  the  issue  is  not  taken  up 
their  money  is  locked  up  for  some  years.  It 
does  not  matter  whether  the  process  is  good  or 
the  company  eventually  pays.  They  must 
either  have  their  money  locked  up  and  unavail- 
able, or  they  must  sell  out  low.  Even  if  the 
invention  is  good  and  everything  right  they  are 
dependent  entirely  on  the  fancies  of  a  p>erfectly 
ignorant  and  sheep-like  investing  public.  If 
one  paper  runs  the  issue  down,  all  the  sheep  will 
turn  aside,  and  the  underwriters  will  be  left 
with  all  the  shares.  The  prospectus  is  generally 
issued  and  the  dates  fixed  so  that  the  technical 
papers,  which  are  weekHes,  cannot  criticise.  It 
is  impossible  to  bribe  technical  papers.  Of 
course,  it  is  absolutely  impossible  to  bribe  or 
affect  financial  papers  in  any  sort  of  way  too. 
But  people  who  watch  the  relations  of  the 
interior  opinions  to  prospectus  advertisements, 
and  people  who  buy  large  numbers  of  copies  of 
financial  papers  containing  accounts  of  their 
public  meetings,  and  people  who  have  to  give 
away  shares  to  gentlemen  whose  part  in  the 
proceedings  is  vague,  sometimes  get  a  false 
impression  as  to  the  immaculateness  of  our 
noble  financial  press.  If  the  new  company  has 
plenty  of  promoters'  shares  it  is  a  coincidence 
that  it  will  be  praised  up  as  an  investment  in 
the  right  quarters,  and  has  nothing  to  fear. 
But  with  the  technical  press  it  is  different. 
It  cares  nothing  for  prospectus  advertisements, 
and  is  run  by  a  class  of  people  who  acquire  any 
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shares  they  ever  want  by  purchase  for  cash.  The 
promoters  thus  fear  the  technical  press.  The 
technical  press  considers,  not  whether  the  shares 
are  going  to  a  premium  the  day  after  to-morrow, 
but  whether  the  company  is  financially  sound, 
and  can  eventually  pay  dividends.  The  pro- 
moter of  the  sound  company  is  just  as  much 
afraid  of  the  technical  press  as  any  other 
promoter.  How  does  he  know  his  company  is 
sound  ?  That  has  nothing  to  do  with  him, 
and  is  outside  his  ken  altogether.  He  has 
therefore  to  risk  the  technical  papers.  Sometimes 
the  technical  papers  condemn  a  good  thing,  as 
a  technical  editor  has  to  he  omniscient,  and  has 
to  form  an  opinion  with  few  data,  and  he  is 
more  likely  to  condemn  a  good  thing  than  to 
praise  a  bad  one.  Be  that  as  it  may,  the  lists 
are  always  arranged  to  close  on  Thursday, 
while  the  technical  papers  come  out  on 
Friday. 

In  order  to  make  the  issue  go  down,  the  pro- 
moters not  only  need  underwriters,  they  need 
directors.  A  board  of  incompetent  amateurs 
is  necessary,  preferably  with  a  few  titled  names 
and  some  retired  soldiers.  Then  the  brokers 
require  a  big  fee  for  the  appearance  of  their 
names.  A  consulting  chemist  is  needed,  and  a 
report  from  some  entirely  non- technical  professor 
wnth  a  string  of  letters  after  his  name  is  published. 
He  has  probably  never  been  inside  a  white- lead 
works,  and  has  no  idea  of  the  costs  of  manufac- 
ture, on  which  everthing  depends.  Then  the 
patents  have  to  be  submitted  to  counsel. 
Counsel  says  they  are  valid,  but  does  not  say 
whether    they    really    cover    the    process,    or 


whether  they  can  be  perfectly  easily  circum- 
vented. In  this  case  we  will  suppose  the  patents 
are  valid,  and  protect  the  proprietors.  Then 
the  company  is  finally  launched  on  the  guileless 
public,  and  thousands  of  people  in  all  walks 
of  life,  with  all  possible  varieties  of  ignorance 
about  white  lead,  take  shares,  and  the  peers  and 
retired  generals  proceed  to  wreck  the  whole  affair 
by  gross  and  idiotic  mismanagement,  and  in  three 
years  the  inventor,  with  a  ruined  reputation, 
seeks  a  minor  appointment  in  a  works  where 
they  use  the  good  old  Dutch  process. 

WHAT    18   WANTED. 

What  is  wanted  is  a  strong  financial  concern 
which  will  develop  inventions  on  terms  that 
are  fair  to  both  parties.  Such  a  concern  should 
never  put  a  large  proportion  of  its  capital  into 
any  one  thing,  and  it  should  be  advised  by  com- 
petent specialists  as  to  both  technical  and 
financial  questions.  The  experts  should  be 
technologists,  not  unpractical  people,  and  should 
hold  shares  in  the  concern.  Such  a  house  could 
make  terms  with  an  inventor  at  any  stage  of 
the  development  of  his  invention.  At  first 
the  inventor  has  generally  inflated  ideas,  but 
they  always  cool  down  in  contact  with  financial 
difficulties.  Such  a  concern  as  this,  managed  on 
business  lines  by  really  technical  business 
people,  would  develop  enormous  industries,  and 
make  an  immense  amount  of  money  ;  but  it 
would  have  to  be  managed  by  people  who  had 
enterprise,  were  not  led  like  sheep  by  City 
opinion,  decided  quickly,  dealt  honourably, 
and  were  technical  business  men. 
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PROFESSOR   JOHN    GOODMAN,   M.lnst.G.E,  M.i.Mech.E., 

Professor  of  En^inccrittf*,  Yorkshire  College,  Leeds. 


PROFESSOR  GOODMAN, 
unlike  so  many  who  hold 
similar  positions,  had  a  very 
thorough  practical  engineering 
training.  He  served  two  years 
at  fitting  and  turning  in  the 
Progress  Iron  Works,  Bassing- 
bourn,  Cambs.,  and  three  and  a 
half  years  at  erecting,  turning, 
fitting,  pattern-making,  and 
foundry  work  in  the  Globe 
Works,  Northampton.  As 
assistant  to  the  late  Mr. 
Stroudley,  in  the  locomotive 
works  of  the  L.B.  and  S.C. 
Railway,  at  Brighton,  he 
carried  out  a  large  number  of 
tests  on  the  friction  of  bear- 
ings, the  strength  of  crank 
shafts  and  axles  ;  also  the 
testing  of  locomotives.  While 
there  he  obtained  a  Whitworth 
Scholarship,  and  afterwards 
went  to  the  University  College, 
London,  to  study  the  scientific 
side  of  engineering.  After 
further  experience  as  assistant 
to  Professor  Kennedy,  F.R.S., 
in  his  Westminster  oftice,  he 
took  a  temporary  post  on  the 
staff  of  Ettgineeritig.  Follow- 
ing that  appointment,  he  was 
for  two  years  chief  assistant 
to  Mr.  W.  H.  Stanger,  of  the 
Broadway  Testing  Works, 
Westminster. 

In  the  autumn  of  i8()<;  he 
was  appointed  the  Protes>or 
of  Engineering  in  the  York- 
shire College,  I^cds,  a  post 
which  he  still  holds.  During 
his  tenure  ol  the  chair,  the 
engineering  department  has 
flourished  in  everv  respect. 
The  numbers  have  increased 

threefold,  and  the  laboratories  have  been  enlarged,  and  much  new  plant  has  been  added  ;  in  fact,  it  is  now  one  "t 
the  most  succes^iul  and  best  ;e«.iuipped  engineering  college^  in  the  c<iinitrv.  He  is  the  author  of  several  paiH.T< 'in 
friction,  for  which  he  was  awarded  a  Miller  Prize  and  a  Miller  Scholarsliip  by  the  Institution  of  Civil  Engineers.  He 
i«i  also  the  author  ot  many  sh(^rt  papers,  and  his  well-known  book,  *'  Mechanics  .Applied  to  Engineering,"  is  used  in 
many  English  and  .\merican  colleges. 
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Professor  JOHN  GOODMAN,  M.Inst.C.E. 

As  Professor  of  Engineering  at  the  Yorkshire  College,  Leeds,  the  author  has  had  exceptional  facilities 
for  watching  the  careers  of  some  hundreds  of  young  engineers,  and  his  very  practical  remarks  should  prove 
CI  considerable  interest  to  those  who  contemplate  embarking  upon  engineering  as  a  profession. — Editor. 


'T*  HAT  a  young  professional  engineer  requires  a 
-^  special  training  to  fit  him  for  his  future  work 
probably  none  will  deny  ;  but  as  to  what  course 
that  training  should  take  there  appears  to  be  a 
great  diversity  of  opinion.  As  one  who  has 
advised  and  carefully  watched  the  careers  of 
some  hundreds  of  young  engineers,  the  writer 
trusts  that  his  opinions  upon  this  matter  may 
afford  some  guide  to  those  who  contemplate  the 
starting  of  their  sons  upon  an  engineering 
career. 

The  writer  has  always  made  a  great  point  of 
keeping  in  touch  with  his  former  pupils,  in 
order  to  watch  their  progress  in  the  profession, 
and  to  enable  him  to  study  carefully  the  effect 
that  their  technical  training  has  had  upon  them. 
This  friendly  intercourse  between  a  professor 
and  his  former  pupils  cannot  be  other  than 
mutually  beneficial :  and,  as  far  as  the  writer  is 
concerned,  he  has,  moreover,  found  it  to  be 
one  of  the  most  pleasant  experiences  of  an 
interesting  and  absorbing  profession. 

The  head  of  a  large  and  important  engineer- 
ing department  is  frequently  called  upon  to 
advise  parents  and  schoolmasters  as  to  the 
wisdom,  or  otherwise,  of  certain  lads  taking  up 
engineering  as  a  profession.  In  such  cases  the 
writer  usually  puts  a  few  test  questions  in  order 
to  discover,  if  possible,  whether  the  lad  has  a 
reasonable  chance  of  success  at  engineering, 
such  questions  being  somewhat  on  the  following 
lines  :  (i)  Is  the  youth  tolerably  robust,  and 
if  not,  has  a  medical  man  been  consulted  as  to 


the  probability  of  his  being  able  to  stand  the 
rough  practical  work  that  is  absolutely  essential 
to  every  engineer  ?  If  this  cannot  be  satisfac- 
torily answered,  a  decided  opinion  is  expressed 
that  engineering  should  not  be  chosen  by  him  as 
a  profession,  for  if  an  earnest  youth  makes  an 
honest  attempt  to  do  his  duty  in  the  works  it  will 
make  considerable  demands  on  his  physical 
strength.  (2)  Is  he  really  keen  about  engi- 
neering, and  does  he  intend  to  stick  to  it  in 
spite  of  hard,  dirty  work,  and  possibly  a  large 
amount  of  drudgery  for  some  years  to  come, 
and  is  he  determined  to  succeed  at  all  costs  ? 
If  a  youth  is  not  quite  sure  whether  he  will 
like  engineering  or  not,  and  wants  to  know  if  he 
may  wear  gloves  in  the  shops  and  whether  he 
need  start  work  before  breakfast,  etc.,  etc.,  it  is 
a  sure  and  unmistakable  sign  that  he  is  not  made 
of  the  sort  of  stuff  that  engineers  are  made  of,  and 
the  sooner  he  decides  upon  a  trade  or  profession 
that  does  not  demand  manly  qualities  the  better 
for  all  parties  concerned.  (3)  Has  he  done 
reasonably  well  at  school,  especially  in  mathe- 
matics and  mechanics,  and  is  he  of  a  studious 
turn  of  mind  ? 

In  the  writer's  opinion  a  youth  cannot  hope  for 
success  in  the  higher  branches  of  the  profession 
unless  this  last  question  can  be  answered  satis- 
factorily. 

As  regards  his  school  training,  he  ought  to 
get  a  thoroughly  good  general  education,  such  as 
is  given  in  most  of  our  public  schools.  It  is 
probably  not  well  to  specialise  in  the  school 
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training  to  any  great  extent,  but  in  the  higher 
forms  modern  languages  may  advantageously  be 
taken  in  preference  to  Latin  and  Greek.  In 
mathematics,  as  a  minimum,  he  should  be 
familiar  with  the  first  three  books  of  Euclid,  or 
the  subjects  thereof,  as  taught  in  some  modern 
text-book  on  geometry ;  also  arithmetic  and 
algebra  up  to  quadratic  equations.  A  knowledge 
of  elementary  mechanics,  physics,  and  chemistry 
is  desirable,  also  freehand  and  geometrical 
drawing. 

The  school  workshops  in  many  public  schools 
do  valuable  work  by  giving  youths  a  good  idea 
of  the  use  of  tools  ;  but,  of  course,  they  cannot 
possibly  give  a  sufficient  training  to  enable 
them  to  dispense  with  the  practical  training  in 
engineering  works. 

In  the  case  of  those  youths  who  intend  to 
take  up  a  university  degree  course,  higher 
standards  than  those  mentioned  above  are 
necessary. 

AQE    AT    LEAVINQ    SCHOOL. 

It  is  impossible  to  draw  a  hard  and  fast  line 
as  to  when  a  youth  intending  to  become  an 
engineer  should  leave  school,  but  it  should 
certainly  not  be  under  sixteen,  and  only  in  rare 
instances  should  it  be  over  eighteen. 

eNQiNemiNQ  training. 

In  the  case  of  civil  engineering  students,  we 
believe  that  the  college  training  may  be  taken 
immediately  after  leaving  school.  But,  in  the 
case  of  mechanical  and  electrical  students, 
there  is  a  great  difference  of  opinion  as  to  the 
best  order  of  training ;  the  chief  point  of  con- 
tention being — whether  the  works  should  pre- 
cede the  college  training,  or  vt\c  rvrsii.  We 
think  it  will  be  well  to  state  the  arguments 
advanced  by  both  sides.     They  are  : — 
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In  Fa  vol' r  of  thk  Works 

TRAININli      PRFXKDINr. 

THK   Coi.LKt.K   Train. 

INvi. 

Stmlcnts  \\l\o  have  not 
t obtained  sonic  practical 
cxiH'Mcnce  in  works  can- 
not take  lull  ad\anlai:c  ot 
the  o^Ucjic  c\^ui*sc,  on 
AC^.\m\\{  ot  llicir  i^nv^rancc 
ot  machinery  and  nianu- 
lactunnj*  prive>>e:i,  Ttie 
wotks  Ijainmj;  is  to  a 
laijje  extent  a  ^ue-^iion  ot 
acv^un  nij;        manipulative 


In  Favoir  of  thk  Col- 
I FCE  Training  Pre- 
CK1HNO     THE    Works 

TRAlNlNr.. 

Youih<  niakt  more  rapid 
proi:res>  in  practical  work 
atter  ha\  ini;  taken  acoUeije 
ci^urse  than  wiien  they 
enter  works  stiaiijhl  from 
schvx)l.  The  coilcije  train- 
ing teacher  them  how  to 
learn  and  how  to  ob^^rve  ; 
a^nseviuentlv,  when  they 
jlet  inlt>  work  tliey  pick  up 
the   practical   side   oi    the 


skill ;  hence  it  is  better 
for  such  training  to  be 
taken  while  younj^,  say,  at 
sixteen  or  seventeen, 
rather  than  three  or  four 
years  later. 

It  is  much  more  dis- 
tasteful to  a  student  to 
commence  the  inevitable 
rough  and  dirty  work  in 
the  workshops  at,  say, 
twenty  years  of  age  than 
at  sixteen. 


The  scientific  side  of 
engineering  is  the  more 
difhcult  to  acquire  ;  hence 
it  is  better  that  it  should 
be  taken  up  when  the 
student  is  somewhat 
matured,  rather  than  when 
he  is  fresh  from  school. 


Youths  often  take  up  en- 
gineering as  a  mere  fancy, 
and  do  not  discover  that 
they  are  unsuited  for  it 
until  they  have  to  *'  rough 
it "  somewhat  in  works  : 
hence,  if  they  go  into 
works  tirst  they  much 
more  quickly  come  to  a 
decision,  and  con>equentlv 
waste  less  time  than  if  a 
college  course  inter\"ene>. 

Many  proprietors  ot 
works  and  heads  of  firms 
object  to  taking  \x>ulhs 
into  their  works  as  pupils 
or  apprentice'*  at  the  age 
when  n\ost  students  leave 
ctMlci^e. 


work  much  more  rapidly 
than  the  novice  who  comes 
straight  from  school. 


If  a  youth  leaves  the 
works  in  which  he  has 
spent,  say,  four  or  five 
years,  in  order  to  go  l«t 
college,  he  breaks  his  con- 
nection with  the  firm  ju>: 
at  a  time  when  he  is  most 
valuable.  He  thereby  gci> 
out  of  touch  with  his  firm, 
and  may  lose  the  chance 
of  promotion  with  them  ; 
and,  moreover,  it  rarely 
happens  that  a  ycun;; 
fellow  of,  say,  one  or  t\\\r. 
and-twenty  cares  to  throw- 
up  remunerative  work  lor 
two  or  three  years  in  ortler 
to  go  to  college — the  re>ul: 
being  that  he  misses  hi^ 
college  training  altogether. 

A  youth  coming  fre-li 
from  school  is  in  the  hab:: 
of  acquiring  knowledge 
and  has  all  his  mathe- 
matical and  elementary 
science  fresh  in  his  mind 
consequently,  he  has  a  far 
better  chance  of  makinj: 
headway  at  college  than 
the  youth  who  has  allowed 
his  school  -  work  to  gc: 
rusty. 


The  writer's  experience  leads  him   to  believe 
that    there    is    much   force    in    many    of    the 
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arguments  advanced  by  both  sides ;  therefore, 
after  very  careful  consideration,  he  has  come  to 
the  conclusion  that  in  the  case  of  mechanical 
and  electrical  engineers,  the  best  course  to 
adopt  is  a  compromise  between  the  two. 

COURSE    OP    TRAINING    RECOM MENDED. 

After  receiving  a  good  education,  it  is  recom- 
mended that  (i)  a  youth  should  be  sent  to  some 
small  general  engineering  works,  where  he  is 
more  likely  to  get  a  useful  experience  than  in  a 
larger  establishment,  for  about  twelve  or  eighteen 
months  ;  (2)  he  should  take  either  a  two  or  a 
three  years*  course  of  instruction  in  a  college, 
and  during  this  time  he  should  pass  the  quali- 
fying examination  for  admission  to  the  Institution 
of  Civil  Engineers ;  (3)  he  should  go  into  some 
larger  engineering  works  where  he  can  speciaUse 
in  some  particular  branch  for  a  period  of  not 
less  than  two  years  ;  (4)  he  should  go  into  the 
drawing  office  for  at  least  one  year.  And,  if 
possible,  he  should  visit,  or,  better,  spend  a 
year  or  two  in  engineering  works  in  the  United 
States,  where  he  will  be  able  to  earn  sufficient 
to  keep  him  and  will  gain  most  valuable  experi- 
ence. Such  a  course  of  training  will  thus  take 
from  six  to  seven  years,  which  in  some  instances 
may  be  more  time  than  many  parents  can  afford 
to  give  their  sons.  In  such  cases,  the  expense 
of  the  college  course  may  be  materially  reduced 
by  scholarships  ;  but  this,  of  course,  entirely 
depends  upon  the  ability  and  dihgence  of  the 
student.  Then,  again,  if  youths  do  well,  they 
Mrill  nearly  always  receive  some  remuneration 
during  the  stages  3  and  4  mentioned  above. 

It  should,  however,  always  be  borne  in  mind 
that  the  more  thorough  the  training  the  higher 
Avill  be  the  position  ultimately  attained,  of 
course,  assuming  suitable  material  to  work 
upon. 

WHILE    IN    WORKS. 

The  writer  would  urge  parents  to  put  pressure 
on  their  sons  to  keep  the  regular  and  full  shop 
hours,  and  not  to  allow  them  to  commence 
work  after  breakfast :  if  a  youth  is  not  willing 


to    make   this   sacrifice,   he   does   not  possess 
the  necessary  "  grit "  to  make  an  engineer. 

In  order  that  a  student  may  not  allow  his 
school  work  to  get  rusty,  it  is  advisable  that  he 
should  attend  evening  classes  at  a  college  for, 
say,  two  evenings  a  week,  in  such  subjects  as 
mathematics,  mechanics,  or  drawing  ;  but  it  is 
not  recommended  that  more  time  than  this 
should  be  devoted  to  evening  study. 

NECESSITY    FOR    WORKS   TRAININa 

Parents  often  send  their  sons  to  institutions 
on  account  of  the  so-called  "  practical "  instruc- 
tion in  shop  processes  which  is  given  in  their 
workshops,  under  the  delusion  that  such  a 
course  of  instruction  will  give  a  lad  all  the  prac- 
tical experience  that  he  requires,  and  that  he 
will  thereby  be  saved  the  "  dirty  "  work  in  en- 
gineering works.  This,  however,  is  a  deplor- 
able blunder,  and  if  persisted  in  the  lad  will 
sooner  or  later  find  himself  hopelessly  incom- 
petent to  hold  any  important  position  as  an 
engineer.  The  writer  has  seen  so  many  instances 
of  failure  of  young  men  who,  although  other- 
wise promising,  imagined  that  they  acquired 
sufficient  practical  knowledge  of  engineering 
when  they  were  in  the  school  and  college  work- 
shops, but  when  they  got  out  into  the  world 
were  found  to  be  sadly  incompetent  from  a 
practical  point  of  view,  that  he  feels  he  cannot 
too  strongly  advise  parents  to  avoid  the  mistake 
of  fostering  the  idea  that  there  is  any  such 
"  royal  road  "  to  engineering.  The  fault  does 
not  lie  with  such  workshops,  but  in  the  idea 
that  they  alone  can  give  a  sufficient  practical 
training.  The  writer's  experience,  however, 
leads  him  to  believe  that  the  experimental  work 
done  in  college  engineering  laboratories  is  of 
the  greatest  possible  value  to  engineers,  and  that 
the  college  laboratory  can  do  what  cannot  be 
done  in  the  works,  and  that  the  works  can  do 
what  cannot  be  done  in  a  laboratory  ;  both  are 
regarded  as  indispensable,  but  each  should  do 
that  which  it  is  able  to  do  thoroughly,  and  not 
spoil  both  by  attempting  to  combine  them  in 
one  and  the  same  place. 


Digitized  by 


Google 


z  3 


5    >- 
^  ^ 


2 


('  3c) 


Digitized  by 


Google 
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FORTHCOMING    DEVELOPMENTS    IN   THE 
MARINE    5TEAM    TURBINE. 

BY 

HERBERT  C.  FYFE. 

At  the  present  moment  the  British  Government  is  the  only  nation  in  the  world  that  possesses  a  turbine- 
propelled  war- vessel.  The  new  torpedo-boat  destroyer  Fehx  was  purchased  by  the  Admiralty  a  few 
weeks  ago,  and  has  proved  itself  to  be  the  fastest  destroyer  afloat.  We  are  enabled,  by  the  courtesy  of 
the  Parsons  Marine  Steam  Turbine  Company,  of  VVallsend-on-Tyne,  to  reproduce  here  some  photographs 
of  this  and  other  vessels  fitted  with  this  form  of  turbine — which  is  the  invention  of  the  Hon.  C.  A.  Parsons, 
a  brother  of  the  Earl  of  Rosse.— Editor. 


HE  marine  steam  turbine  may 
be  expected  to  be  developed 
along  the  following  lines: — 

1.  In  war  ships. 

2.  In  passenger  steamers. 

3.  In  pleasure  yachts. 

It    may   be   convenient   to 
consider  these  in  the  order  mentioned. 

STEAM    TURBINES    IN    THE     ROYAL    NAVY. 

In  his  "  Statement  Explanatory  of  the  Navy 
Estimates,  1902-03/'  the  Earl  of  Selborne 
made  the  following  reference  to  turbine  men- 
of-war  : — 

The  country  has  had  to  deplore  the  wrecks  of  H.M.S. 
Viper  and  Cobra  during  the  past  year,  accompanied  in 
the  latter  case  by  a  lamentable  loss  of  life.  One  result 
has  been  for  the  present  to  put  a  stop  to  our  experiments 
with  the  turbine  system  of  machinery,  but  the  Board  are 
negotiating  for  a  renewal  of  the  experiment  in  two  more 
destroyers,  and  in  one  third-class  cruiser. 

In  addition  to  the  recently  purchased  Velox, 


the  Admiralty  will  shortly  possess  another 
destroyer  fitted  with  the  marine  steam  turbine. 
It  will  be  named  the  Eden^  and  has  also  been 
ordered  from  the  Parsons  Marine  Steam  Turbine 
Company.  The  hull  is  being  constructed  by 
Messrs.  Hawthorn  and  Leslie,  who  were  also 
responsible  for  the  hull  of  H.M.S.  Velox, 

The  third-class  cruiser  to  be  fitted  with  turbine 
machinery  is  H.M.S.  Amethyst ^  one  of  two  pro- 
vided for  in  the  Navy  Estimates  of  1901-02.  The 
other,  H.M.S.  Topaze,  will  be  fitted  with  recipro- 
cating machinery  of  the  ordinary  type,  and  it 
will  thus  be  possible  to  compare  their  speeds, 
coal  consumption,  economy,  etc. 

The  French  Government  are  believed  to  be 
experimenting  with  a  view  to  determining  the 
advisability  of  fitting  some  of  the  vessels  of  the 
French  Navy  with  turbine  engines,  but  so  far  as 
the  writer  is  aware  they  have  not  up  to  the 
present  purchased  any  ships  so  fitted. 

H.M.S.  Felox  differs  radically  in  constructive 
details  from  the  Turbinia,  the    Viper^  and  the 
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Cobra.  The  Turbinia,  the  first  vessel  to  be  fitted 
with  the  marine  steam  turbine,  was  merely  an 
experimental  craft.  She  was  loo  ft.  in  length, 
9  ft,  beam,  3  ft.  draught  of  hull,  and  44  tons  dis- 
placement. She  was  fitted  with  turbine  engines 
of  2,000  actual  h.p.,  and  reached  a  speed  of 
34^  knots. 

In  1898  the  Parsons  Marine  Steam  Turbine 
Company  contracted  with  the  Admiralty  for  a 
31-knot  torpedo-boat  destroyer,  the  Viper ^  which 
was  to  be  of  the  same  dimensions  as  the  usual 
30-knot  vessels  of  this  class,  viz.,  210  ft.  in 
length,  21  ft.  beam,  and  about  370  tons  dis- 
placement, but  with  machinery  of  much  greater 
power  than  was  usual  in  vessels  of  this  size. 
At  the  same  time  they  contracted  with  Sir 
W.  G.  Armstrong,  Whitworth  and  Co.,  for 
machinery  for  one  of  their  torpedo  -  boat 
destroyers,  the  Cobra. 

In  his  statement  (dated  3rd  March,  1898)  for 
1898-99,  the  First  Lord  of  the  Admiralty  said 
that  an  order  had  •  just  been  placed  for  an 
experimental  vessel,  in  which  the  steam  turbine 
would  be  substituted  for  the  ordinary  recipro- 
cating type  of  machinery  in  order  to  test  the 


applicability  of  the  system  to  torpedo  vessels  of 
exceptionally  high  speed. 

The  Viper  was  built  by  Messrs.  Hawthorn, 
Leslie  and  Co.,  at  Hebburn-on-Tyne,  and  was 
launched  on  September  6th,  1899.  In  his 
statement,  dated  February  17th,  1900,  Viscount 
Goschen  (then  Mr.  Goschen)  said  that  the 
contract  speed  was  31  knots,  but  it  was 
anticipated  that  a  considerably  higher  speed 
would  be  attained  ;  on  preliminary  trials  (for 
short  periods)  speeds  of  about  35  knots  had 
been  reached.  It  was  hoped  that  the  vessel 
would  soon  be  ready  for  her  official  trials,  and 
when  these  were  completed  it  was  proposed  to 
make  exhaustive  experiments  with  her,  as  great 
importance  was  then  attached  to  this  novel 
system  of  propulsion. 

The  Viper  was  210  ft.  long,  21  ft.  beam, 
12  ft.  9  in.  deep,  and  her  displacement  was 
350  tons.     Her  indicated  h.p.  was  i6,ocx). 

There  were  four  propeller-shafts  and  two 
propellers  on  each,  making  eight  in  all,  the 
revolutions  being  about  1,200  per  minute. 

In  exterior  appearance  the  Viper  did  not 
materially   differ  from   the    ordinary   torpedo- 
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boat  destroyer,  except  that  her  funnels  were 
of  much  greater  diameter  ;  but  down  below 
the  difference  was  at  once  manifest. 

THE    ENQINK8    OF    THE    "VIPER." 

The  interest  in  the  vessel,  as  an  engineer  has 
remarked,  is  centred  in  the  engine-room. 

Here  one  meets  with  something  quite  different  to  the 
familiar  double  row  of  twin-screw  engines,  with  their 
four  cylinders,  between  which  is  the  passage  from  end  to 
end.  In  place  of  this,  one  descends  on  to  a  platform 
stretching  right  athwart  ships,  where  are  the  large  stop 
valves  which  control  the  flow  of  steam  to  the  turbines, 
by  which  alone  the  engines  are  mameuvred  ;  for  there 
is  naturally  no  valve  motion,  or,  for  that  matter,  no  engine 
valves,  nor  any  reversing  gear.  Beneath  the  platform  is 
placed  a  good  half  of  the  engine,  that  is  to  say,  the  part 
which  corresponds  to  the  high-pressure  cylinders  of  an 
ordinary  compound  engine.  These  turbines  are,  in  fact, 
quite  invisible,  bemg  stowed  away  under  the  floor,  and 
need  no  attention  whether  running  or  standing.  A  little 
further  aft  are  to  be  seen  in  the  bottom  of  the  vessel  the 
larger  low-pressure  turbines,  but  the  most  conspicuous 
features  are  the  large  cylindrical  condensers  which,  with 
their  pipes  and  attachments,  occupy  the  larger  part  of  the 
room — a  fact  that  will  give  an  idea  of  the  saving  in  useful 
space  gained  by  the  steam  turbine. 

The  turbine  engines  of  the  Viper  were  similar 
to  those  of  the  Turhinia^  but  were  in  duplicate, 
consisting  of  two  distinct  sets  of  engines  on 
each  side  of  the  vessel.  There  were  four  screw 
shafts  in  all,  acting  independently  of  each  other, 
the  two  on  each  side  being  driven  by  one  high 
and  one  low  pressure  turbine  respectively,  of 
about  equal  power.  The  two  low-pressure 
turbines  drove  the  two  inner  shafts,  and  to  each 
a  small  reversing  turbine  was  also  permanently 
coupled  and  revolved  idly  with  them  when 
going  ahead. 

Each  shaft  carried  two  propellers  ;  thus  the 


'VIPER      STEAMIXG  AT   FULL  SPEED. 

Viper  was  driven  through  the  water  by  eight 
screws.  The  Turhinia^  it  will  be  remembered, 
had  nine  screws  and  three  shafts. 

The  machinery  on  each  side  of  the  vessel 
was  identical.  The  steam  from  the  boilers  was 
admitted  directly  through  a  regulating  valve  to 
the  high-pressure  turbine,  driving  one  shaft ;  it 
then  passed  to  the  adjacent  low-pressure  tur- 
bine, driving  its  shaft  independently  ;  thence  it 
flowed  to  the  condenser,  and  both  the  shafts 
then  drove  the  vessel  ahead  ;  the  reversing  tur- 
bine revolved  with  the  low-pressure  shaft,  and 
being  permanently  connected  with  the  vacuum 
of  the  condenser,  no  appreciable  resistance  was 
offered  to  its  motion  under  these  conditions. 
To  go  astern  the  head  steam- valve  was  closed 
and  the  stern  steam-valve  opened,  admitting  the 
steam  from  the  boiler  to  the  reversing  turbine 
and  reversing  the  direction  of  rotation  of  the 
inner  screw  shaft. 

The  official  trials  of  the  Viper  took  place  on 
May  4th,  1900.  The  best  pair  of  runs  gave 
34*67  knots  ;  a  60- ton  load  was  carried,  and  the 
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displacement  at  trial  draught  was  370  tons.  The 
boat  had  been  in  the  water  some  time  awaiting 
her  trials,  and  with  a  *'  scrubbed  "  bottom  would 
have  done  better  ;  the  wind  and  rough  weather 
were  also  against  high  speed. 

In  July,  1900,  the  Viper  underwent  one  hour's 
full-power 'trial  off  the  mouth  of  the  Tyne  over 
the  same  measured  mile,  and  attained  the 
remarkable  speed  of  37*113  knots,  equal  to 
43  land  miles  an  hour. 

The  load  carried  on  the  last  occasion  was 
above  10  tons  in  excess  of  the  Admiralty 
requirements  for  30-knot  destroyers.  The  pro- 
pellers revolved  at  the  high  rate  of  1,180  per 
minute  ;  unusually  short  times  were  required  to 
work  up  to  full  speed,  and  throughout  the  trial 
the  machinery  worked  with  the  utmost  smooth- 
ness, and  practically  no  vibration  was  experi- 
enced in  any  part  of  the  vessel. 

H.M.8.    "COBRA.** 

The  Cobra  was  laid  down  in  the  spring  of 
1899,  and  was  built  by  Sir  W.  G.  Armstrong, 


Whitworth  and  Co.  Like  the  Viper  she  was 
fitted  with  turbine  engines  by  the  Parsons 
Marine  Turbine  Company.  Her  length  was 
223  ft.,  beam  20*5  ft,  displacement  325  tons, 
and  draught  82  ft.  of  water.  The  preliminary 
letter  naming  the  conditions  of  purchase  was 
dated  March,  1900.  She  was  supplied  with  one 
i2-pounder  and  five  6-pounder  quick-firing  guns, 
and  two  single  training  torpedo  tubes  for  i8-in. 
torpedoes.  Her  complement  was  68  officers 
and  men,  and  her  coal  capacity  85  tons.  She 
was  fitted  with  Yarrow  water-tube  boilers,  and 
her  contract  speed  with  an  i.h.p.  of  11,500  was 
35*8  knots.  She  was  launched  on  June  28th, 
1899,  and  in  December,  1899,  was  offered  to 
the  Admiralty.  After  a  lengthened  survey  by 
the  officers,  she  was  accepted  in  May,  1900,  on 
the  understanding  that  certain  alterations, 
chiefly  strengthening  the  upper  deck  to  bring 
her  into  line  with  the  most  recent  Admiralty 
practice,  would  be  made.  These  were  at  once 
carried  out,  and  the  vessel  was  purchased 
by  the  Admiralty. 
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TURBIXIA        STEAMING    35     KNOTS. 


The  Cobra  made  her  first  sea-trial  on  July 
15th,  1899.  She  had  twelve  trials,  including 
the  Admiralty  trials,  and  in  six  runs  reached 
a  mean  speed  of  34-8  knots. 

Her  maximum  speed  was  35  6  knots.  The 
weather  was  bad  during  the  trials  and  there 
was  a  heavy  swell  on. 

The  Viper  was  lost  during  the  Naval 
manoeuvres  in  the  summer  of  1901,  owing  to 
her  striking  a  rock  in  a  thick  fog. 

The  Cobra  went  down  off  the  Outer  Dowsing 
Shoal  while  on  her  way  from  the  Tyne  to 
Portsmouth,  on  September  ist,  1901. 

H.M.8.    "VELOX." 

We  have  already  mentioned  that  this  turbine- 
engined  destroyer  differs  from  her  predecessors, 
and  the  reason  is  because  it  was  found  that  the 
Viper  and  the  Cobra  were  not  so  economical  as 
could  be  wished  when  running  at  ordinary 
cruising  speeds.  Excursion  steamers  and  liners 
usually  run  at  their  highest  speeds,  but  war 
vessels  require  full  power  only  occasionally, 
and  it  was  found  that  the  steam  turbine,  like 
all  steam  engines,  did  not  show  high  efficiency 
when  working  much  below  the  power  for  which 
it  was  designed. 

The  arrangement  of  the  machinery  in   the 


Velox  is  as  follows :  She  has  two  sets  of  engines, 
one  of  the  turbine  type  and  the  other  of  the 
reciprocating  type.  The  main  propelling 
machinery  is  much  the  same  as  that  fitted  in 
the  Viper  and  Cobra,  There  are  two  inde- 
pendent sets  of  Parsons  compound  turbines, 
one  high-pressure  and  one  low-pressure  being 
on  each  side  of  the  engine-room.  There  are 
thus  four  turbines,  each  of  which  has  its  own 
line  of  shafting  ;  as  each  shaft  carries  two  pro- 
pellers, there  are  eight  propellers  in  all.  The 
high-pressure  turbines  drive  the  outer  shaft  and 
the  low-pressure  turbines  the  inner  ones.  The 
turbines  are  the  main  engines  for  high-speed 
steaming,  but  for  ordinary  cruising  an  auxiliary 
propelling  system  is  employed.  This  consists 
of  two  small  sets  of  triple-compound  marine 
engines  of  the  ordinary  type,  which  are  coupled 
directly  to  the  main  turbines,  and  work  in  con- 
junction with  them.  They  can,  however,  be 
disconnected  at  will.  Steam  is  taken  directly 
from  the  boilers  to  the  reciprocating  engines, 
and  these  exhaust  through  the  high-pressure 
turbines,  the  exhaust  from  the  latter  passing  in 
turn  through  the  low-pressure  turbines  and 
thence  to  the  condensers. 

When  higher  powers  than  those  needed  for 
cruising  speeds  under  ordinary  conditions  are 


Digitized  by 


Google 


Marine  Steam  Turbines. 


639 


needed,  steam  will  be  admitted  to  the  turbines 
directly  from  the  boilers.  When,  however,  the 
highest  speed  is  required,  and  the  maximum 
power  has  to  be  developed  which  would  raise 
the  rate  of  revolutions  beyond  that  permissible 
with  reciprocating  engines,  steam  will  be  entirely 
cut  off  from  the  latter,  they  will  be  thrown  out 
of  gear,  and  the  turbine  engines  will  alone  be 
used. 

For  going  astern,  reversing  turbines  are  in- 
corporated in  the  exhaust  casing  of  each  of  the 
low-pressure  cylinders. 

The  Felox  is  210  ft.  long,  21  ft.  beam,  with  a 
moulded  depth  of  12  ft.  6  in.  Especial  attention 
has  been  paid  by  her  builders,  Messrs.  Haw- 
thorn, Leslie  and  Co.,  to  the  strength  of  the 
hull,  and  they  claim  that  she  is  the  strongest 
destroyer  yet  built.  The  boilers  are  of  the 
modified  Yarrow  type,  and  are  the  same  as 
those  fitted  in  the  30-knot  destroyers.  They 
are  some  13  per  cent,  smaller  than  the  boilers  of 
the  Viper,  and  have  a  total  heating  surface  of 
13,000  square  feet.  The  builders  anticipated 
that  the  Velox  would  have  about  the  same  speed 
as  the  Viper.  Up  to  the  time  of  writing,  how- 
ever, her  maximum  speed  has  been  33*64  knots, 
whereas  the  Viper  made  over  37  knots. 

THE     FUTURE    OF   TURBINE    WAR8HIP8. 

Until  the  Velox,  the  Eden^  and  the  Amethyst 
have  run  their  trials,  it  is  impossible  to  pro- 
nounce any  definite  and  final  opinion  regarding 
the  future  of  marine  steam  turbines  as  applied 
to  men-of-war.  Economy  is  not  of  the  greatest 
importance  here,  but  rather  speed,  and  it 
would  seem  possible  that  (as  Mr.  Parsons  has 
said)  the  benefit  will  be  greater  in  the  case  of 


cruisers  and  battleships  than  in  the  case  of 
smaller  vessels.  The  larger  turbines  would  be 
cheaper  to  build,  would  be  lighter  in  weight, 
and  would  occupy  less  space  in  proportion  to 
power.  The  design  of  large  turbines  appears 
to  present  no  difficulties  beyond  those  that  have 
been  successfully  solved  in  the  case  of  smaller 
craft,  and  the  greater  size  will  undoubtedly 
facilitate  the  introduction  of  important  refix- 
ments  for  reducing  coal  consumption. 

It  may  be  interesting  to  quote  here  Mr. 
Parsons'  description  of  an  imaginary  44-knot 
cruiser  which  it  is  possible  may  some  day 
actually  be  constructed  : — 

It  is,  perhaps,  interesting  to  learn  the  possibilities  of 
speed  that  might  be  attained  in  a  special  unarmoured 
cruiser,  a  magnified  torpedo-boat  destroyer  of  light  build 
with  scanty  accommodation  for  her  large  crew,  but 
equipped  with  an  armament  of  light  guns  and  torpedoes. 
Let  us  assume  that  her  dimensions  are  about  double  those 
of  the  30-knot  destroyers,  or  of  the  Viper^  with  plates  of 
double  the  thickness  and  specially  strengthened  to  corre- 
spond with  the  increased  size  and  speed,  length  420  ft., 
beam  42ft.,  mafxi mum  draught  14ft.,  displacement  2,800 
tons,  indicated  h.p.  80,000.  There  would  be  two  tiers  of 
water-tube  express  boilers  ;  these,  the  engines  and  coal 
bunkers,  would  occupy  the  whole  of  the  lower  portion  of 
the  vessel ;  the  crew's  quarters  and  armament  would  be 
on  the  upper  decks.  There  would  be  eight  propellers  of 
9  ft.  diameter,  revolving  at  about  400  revolutions  per 
minute,  and  her  speed  would  be  44  knots.  She  could 
carry  coal  at  this  speed  for  about  eight  hours,  and  she 
would  be  able  to  steam  at  from  10  to  14  knots  with  a 
small  section  of  the  boilers  and  supplemental  machinery 
more  economically  than  other  vessels  of  similar  size  and 
of  ordinary  type  and  power,  and  when  required  all  the 
boilers  could  be  used  and  full  power  exerted  in  about 
half  an  hour. 

It  may  be  remarked  that  in  the  history  of  engineering 
progress,  the  laws  of  natural  selection  generally  operate 
in  favour  of  those  methods  which  are  characterised  by 


SECTIONAL     ELEVATION     OF    150-KILOWATT    TURBO-GEXERATOR. 


Digitized  by 


Google 


640 


Page's  Magazine. 


the  greater  simplicity  and   greater  economy,   whether 
these  advantages  be  great  or  small. 

THE   8TEAM    TURBINE   APPLIED    TO    PA88ENQER 
VE88EL8. 

Two  turbine-engined  excursion  steamers, 
the  King  Edward  and  the  Queen  Alexander^  have 
been  regularly  running  on  the  Clyde  this 
summer.  The  Earl  of  Glasgow,  in  a  recent 
presidential  address  to  the  Institution  of  Naval 
Architects  in  Glasgow,  predicted  that  the 
King^  Edward  would  create  a  revolution  in  the 
coast  passenger  carrying  trade  in  the  Clyde. 
The   following   particulars   of   this   vessel,    the 


each  side,  where  it  is  expanded  25-fold,  and  then  pas>cs 
to  the  condensers.  The  total  ratio  of  expansion  i^ 
therefore  no  less  than  125-fold.  Each  turbine. has  its  own 
shafting  ;  and  on  each  side  of  the  wing  shafts  there  are 
two  propellers,  while  the  centre  one  carries  only  a  single 
screw.  When  coming  alongside  a  pier,  or  manoeuvring 
in  crowded  waters,  the  wing  motors  alone  are  used, 
steam  being  admitted  directly  into  them  by  suitable 
valves.  The  high-pressure  turbine  is  then  shut  off,  the 
steam  admission  valve  being  closed,  whilst  connection 
between  it  and  the  low-pressure  turbines  is  also  shut  ori 
by  an  automatic  arrangement.  There  are  special  tur- 
bines placed  inside  the  exhaust  ends  of  the  low-pressure 
turbines  for  going  astern  with  the  wing  screws.  The 
whole  of  the  manoeuvring,  excepting,  of  course,  by  the 
rudder,  is  effected  by  the   manipulation   of  valves   in   a 
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first  turbine-engined  passenger  steamer  in  the 
world,  may  be  of  interest :  — 

The  King  Edward  is  250  ft.  long  and  30  ft.  wide.  Her 
moulded  depth  is  10  ft.  6  in.  to  the  main  deck,  and 
17  ft.  9  in.  to  the  promenade  deck.  In  general  arrange- 
ment for  passenger  accommodation  she  is  similar  to  the 
Duchess  of  Hamilton,  a  favourite  Clyde  paddle-wheel 
steamer.  Her  builders  are  Messrs.  VV^illiam  Denny  and 
Brothers,  of  Dumbarton,  and  siie  has  been  constructed  to 
the  order  of  Captain  John  Williamson,  of  Glasgow,  who 
represents  the  syndicate  which  own  her.  The  propelling 
machinery  consists  of  three  Parsons  steam  turbines 
working  compound.  These  are  placed  side  by  side.  In 
ordinary  working,  and  when  going  ahead,  steam  is 
admitted  from  the  boilers  to  the  high-pressure  turbine, 
where  it  is  expanded  fivefold.  From  thence  it  passes  to 
the  two  low-pressure  or  wing  turbines  placed  one  on 


very  simple  manner.  The  feed-pumping  engines  are 
worked  separately,  as  are  the  circulating  pumps  and 
fans  for  forced  draught.  The  main  air  pumps  are 
worked  by  means  of  worm-gearing  from  the  wini: 
shafts  ;  but  there  are  auxiliary  air  pumps,  actuated  b\ 
the  circulating  pump  engines,  for  clearing  the  condenser> 
of  water  when  the  main  engines  are  not  in  operation. 
There  is  a  feed-heater  which  uses  the  exhaust  steam,  or 
steam  taken  from  an  intermediate  point  in  the  turbine> 
if  necessary.  There  is  also  a  filter  to  clear  the  steam  of 
grease.  Other  machinery  common  to  vessels  of  this  clas> 
is  fitted.  The  boiler  is  of  the  usual  return-tube  typ^, 
being  double-ended,  and  having  four  furnaces  at  each 
end.     It  is  placed  in  a  closed  stokehold. 

On  her  first  trial  the  King  Edward  made 
2048  knots,  thus  creating  a  record  on  the  Clyde, 
and  exceeding  in  speed  most  of  the  competitors 
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by  one  or  two  knots.  The  mean 
revolutions  were  740  per  minute,  the 
steam  pressure  in  the  boilers  was  150  lbs. 
to  the  square  inch,  and  the  vacuum  28^  in. 

The  air-pressure  in  the  stokehold 
was  equal  to  i  in.  of  water.  The 
indicated  horse-power  was  estimated 
at  3,500,  but  there  is  no  available 
method  of  taking  indicator  diagrams 
with  this  type  of  motor. 

The  Queen  Alexandra  on  her  trials, 
in  the  summer  of  this  year,  made 
21-63  knots,  thus  beating  the  King 
Edwardj  and,  by  a  knot  and  a  quarter, 
proving  herself  to  be  the  fastest  excur- 
sion steamer  in  the  world. 

She  is  very  similar  to  the  King  Edward,  but  is  of  larger 
dimensions,  her  length  being  270  ft.,  breadth  moulded 
]i2  ft.,  and  depth  to  promenade  deck  18  ft.  9  in.  Like  the 
A'ing  Edward^  the  vessel  strongly  resembles  a  small  cross- 
channel  steamer  in  appearance.  The  main  engines  con- 
>ist  of  three  separate  turbines,  each  driving  its  own  shaft, 
the  centre  turbine  being  high-pressure  and  the  two  side 
turbines  low-pressure.  The  total  ratio  of  steam  expan- 
sion is  about  125-fold  as  compared  with  8  to  16-fold  in 
triple  expansion  reciprocating  engines,  and  at  ordinary 
steaming  rate  the  velocity  of  the  centre  shaft  is  7,000,  and 
that  of  the  side  shafts  1,000  revolutions  per  minute.  A 
long  shade  deck,  on  which  boats  are  carried  and 
passengers  are  allowed  to  promenade,  is  a  new  feature 
in  this  vessel.  The  promenade  deck  itself  extends  almost 
the  whole  length  of  the  vessel,  and  is  fitted  with  buoyant 
seats. 

The  steam  steering  gear  is  by  Messrs.  Bow,  M'Lachlan 
and  Company,  of  Paisley,  controlled  by  a  wheel  on 
the  flying  bridge.  She  is  driven  through  the  water 
by  five  propellers,  and  is  reversed  by  astern  turbines 
placed  inside  the  exhaust  ends  of  the  low-pressure 
turbine  cylinder,  which  reverse  the  action  of  the  two 
shafts.  A  powerful  windlass,  with  warping  capstan 
attached,  is  fitted  forward  for  working  the  main  cables, 
and  a  steam  warping  capstan,  both  by  Messrs.  T.  Reid  and 
Son,  of  Paisley,  is  fitted  aft  for  warping  vessels  alongside 
of  piers.  The  vessel  is  lighted  throughout  by  electricity, 
the  installation  being  carried  through  by  the  builders  ; 
the  wiring  is  done  on  the  concentric  system.  The 
boiler,  which  is  a  large  double-ended  one,  having  a 
funnel  at  each  end,  is  supplied  by  Messrs.  Denny  and 
Company  ;  and  the  turbines,  of  which  there  are  three,  by 
the  Parsons  Marine  Steam  Turbine  Company,  of  Walls- 
end-on-Tyne. 

8PBED    AND    COAL    CONSUMPTION    OF    TURBINE 
VESSELS. 

At  the  launch  of  the  Queen  Alexandra  Mr. 
James  Denny  made  some  interesting  remarks 
^respecting  the  speed  and  coal  consumption  of 
iturbine  vessels,  which  may  be  quoted  here  : — 
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Many  irresponsible  statements  had  appeared  in  the 
Press  regarding  the  King  Edward,  so  that  perhaps  it  would 
not  be  out  of  place  were  he  to  give  a  few  figures  which 
were  the  result  of  actual  experiments  and  trials  with 
the  vessel.  If  the  King  Edward  had  been  fitted  with 
balanced  twin  triple-expansion  engines  of  the  most  im- 
proved type,  and  of  such  size  as  would  consume  all  the 
steam  the  existing  boiler  could  make,  her  displacement 
would  have  been  slightly  increased  to  carry  the  extra 
weight  of  triple  engines  as  compared  with  turbines. 
Under  these  conditions,  the  best  speed  they  could 
possibly  have  got  would  have  been  197  knots,  against 
20  5  knots  actually  done  by  the  King  Edward,  Thus  the 
increase  of  speed  was  eight-tenths  of  a  knot  per  hour. 
Two-tenths  of  this  was  due  to  the  lesser  displacement 
in  the  JCing  Edward  as  a  turbine  steamer,  and  six-tenths 
was  due  to  the  superior  efficiency  of  the  turbine  engine 
and  its  accessories.  The  difference  between  197  and 
20  5  knots  corresponds  to  a  gain  in  i.h.p.  in  favour  of  the 
turbine  steamer  of  20  per  cent. ;  but  it  would  hardly  have 
been  possible  to  drive  the  King  Edward  20*5  knots  with 
ordinary  engines  at  all,  owing  to  the  extra  weight  and  the 
necessarily  increased  displacement.  The  attempt  to  do 
so  could  only  have  resulted  in  this  speed  being  got  at  an 
enormously  increased  first  cost  and  a  ruinous  expendi- 
ture of  coal  and  the  like  on  service. 

Referring  to  the  question  of  coal  consumption, 
he  said  : — 

The  Duchess  of  Hamilton  and  King  Edward  results 
on  service  had  been  compared.  From  the  comparison 
it  had  been  found  that  the  Duchess  of  Hamilton  at  16-5 
knots  burned  16  tons,  and  the  King  Edward  at  185  knots 
burned  18  tons.  The  Duchess  of  Hamilton,  however, 
had  only  compound  engines  ;  by  the  use  of  triple  engines 
her  consumption  could  be  reduced  ;  but  even  with  triple 
engines,  if  she  were  to  be  driven  at  185  knots  on 
service,  her  consumption  would  have  been  over  22  tons,  as 
against  18  tons  in  the  A7«^  Edward,  which  corresponded 
to  a  saving  of  about  20  per  cent,  in  favour  of  the  latter. 
This  was  on  the  assumption  that  the  Duchess  of  Hamilton 
was  left  as  she  was  in  displacement  and  draught,  and  that 
she  could  have  carried  machinery  powerful  enough  to 
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ensure  18*5  knots  on  service,  but  as  her  speed  on  trial  was 
only  18  knots,  the  greater  displacement  necessary  to  carry 
the  increased  weight  of  machinery  for  the  higher  speed 
would  have  resulted  in  a  considerable  increase  on  the 
coal  consumption  of  22  tons.  There  was  another  question 
in  regaid  to  the  coal  consumption  of  turbmes.  It  was 
well  known  that  turbine  engines  at  a  much  lower  power 
than  that  for  which  they  are  designed  are  not  so  econo- 
mical as  ordinary  engines.  Up  to  the  highest  speed  at 
which  the  A'tiii^  Edward  had  been  driven  they  had  found 
an  always  increasingly  favourable  consumption  of  coal  in 
relation  to  the  speed  of  the  ve>scl,  but  they  had  no  means 
of  knowing  how  far  this  tendency  might  reach.  How- 
ever, they  liad  ascertained  tliat  her  speed  would  have  had 
to  be  reduced  to  between  17  and  18  knots,  as  on  trial, 
before  ordinary  engines,  under  tlie  same  conditions  and 
at  llie  same  speed,  would  burn  le>s  per  knot  of  speed  ; 
this  17  or  18  knots  speed  corresp(»ndcd  to  about  50  per 
cent,  of  the  total  maximum  power  of  the  turbine  engines 


in  the  A7«i<  Edward,  The  up-keep  of  the  turbine  engines 
for  the  season  had  been  very  slight.  As  to  cost,  even 
including  the  royalties  charged,  they  found  that  turbines 
were  not  more  expensive  than  other  engines,  and  they 
thought,  with  more  experience  in  their  manufacture,  thcv 
would  ultimately  become  considerably  cheaper.  If  the 
Queen  Alexandra  turned  out  to  be  as  successful  as  the 
A'lUi^  Edward  was,  it  was  almost  certain  there  would  be 
a  very  large  application  of  turbine  machiner\. 

ECONOMY    OF    TURBINK8    AT    LOW   POWERS. 

The  Hon.  C.  A.  Parsons  said  he  would  like  to 
supplement  the  statements  of  Mr.  James  Denny 
by  a  few  remarks  as  to  economy  of  turbines  at 
low  powers  : — 

In  Clyde  passenger  steamers,  indeed,  in  practically  all 
passenger  steamers,  which  always  ran   at  or  near  full 
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power,  there  was  no  need  to  study  the  question  of 
economy  at  low  powers,  but  when  they  came  to  war 
vessels,  most  of  whose  service  was  performed  at  cruising 
speed,  when  the  power  exerted  was  perhaps  only 
one-tenth  of  that  at  full  speed,  then  this  question  of 
economy  at  low  powers  became  of  great  importance. 
Arrangements  had  been  made  to  solve  this  difficult  pro- 
blem in  several  different  ways.  For  instance,  the  number 
of  turbines  might  be  increased,  and  there  was  no  doubt 
in  his  mind  that  they  could  by  this  and  other  means  make 
turbines  certainly  as  economical — probably  much  more 
economical  than  ordinary  engines  at  the  same  low 
power — while  at  high  speeds  the  turbines  would  have  an 
advantage  of  from  20  to  40  per  cent. 

FORTHCOMINQ      DEVELOPMENTS. 

It  has  been  announced  within  the  last  few 
weeks  that  the  South- Eastern  and  Chatham 
Railway  Co.  have  ordered  a  new  turbine  steamer, 
which  is  to  be  built  by  Messrs.  Denny,  and  to 
be  delivered  for  next  season's  traffic,  and  which 
for  speed,  comfort,  and  convenience  is  expected 
to  create  a  revolution  in  cross-Channel  passages. 
The  length  of  the  vessel  will  be  300  ft.,  and  she 
will  have  a  beam  of  40  ft.  She  will  be  entirely 
different  from  the  present  type  of  mail  packet. 
The  upper  or  promenade  deck  is  to  have  an 
over-head  shelter,  so  that  passengers  can  obtain 
protection  in  rough  weather  without  going 
below.  Extensive  cabin  accommodation  will 
also  be  provided.      The  turbine  machinery  will 


occupy  such  a  small  space  that  much  additional 
room  will  be  obtained  for  the  use  of  passengers. 
The  builders  calculate  that  the  cross-channel 
passage  between  Dover  and  Calais  will  be 
covered  by  the  new  steamer  in  45  minutes  at 
the  outside,  and  probably,  under  favourable 
circumstances,  in  less.  The  average  passage 
now  is  65  minutes,  and  the  record  passage  is 
59  minutes.  The  speed  of  the  new  steamer 
will  be  25  knots  an  hour,  as  compared  with  the 
18  to  20  knots  made  by  the  present  boats  on 
the  present  service.  It  has  been  stated  that  the 
Parsons  Marine  Steam  Turbine  Company  have 
offered  to  fit  up,  free  of  cost,  turbine  engines  on 
a  Cunard  liner,  and  that  Mr.  Wilson,  President 
of  the  Atlantic  Shipping  Company,  is  negotiating 
for  the  construction  of  some  30-knot  turbine 
steamships,  which  will  make  the  voyage  from 
New  York  to  Bremerhaven  in  four  days. 
Messrs.  Denny  are  building  also  a  turbine 
steamer  for  the  London,  Brighton,  and  South 
Coast  Railway  for  their  Newhaven- Dieppe 
service. 

FUTURE    OF    THE    MARINE    8TEAM     TURBINE. 

It  may  be  interesting  to  quote  here  a  state- 
ment made  by  the  Hon.  C.  A.  Parsons  in  a 
recent  lecture  at  the  Royal  Institution,  London, 
on  the  future  of  the  marine  steam  turbine  : — 


VIEW     OF    TURBINE     MACHINERY     FOR     26-KXOT    SHALLOW-DRAUGHT    BOAT. 
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SET    OF    TURBIXE   MACHINES,   AS   FITTED    IX   THREE    HIGH-SPEED    YACHTS 
AND   PASSENGER    STEAMERS. 


In  regard  to  the  general  application  of  turbine 
machinery  to  large  ships,  the  conditions  appear  to  be 
more  favourable  in  the  case  of  the  faster  class  of  vessels, 
such  as  cross-Channel  boats,  fast  passenger  vessels, 
liners,  cruisers  and  battleships  ;  in  all  such  vessels  the 
reduction  in  weight  of  machinery  and  economy  in  the 
consumption  of  coal  per  horse-power  are  important 
factors  ;  in  some,  the  absence  of  vibration  is  a  question  of 
first  importance  as  affecting  the  comfort  of  passengers, 
and,  in  the  case  of  ships  of  war,  permitting  of  greater 
accuracy  in  sighting  the  guns. 

I  have  had  constructed  a  model  representing  a  pro- 
posed cross-Channel  boat  for  the  Dover  and  Calais  or 
Xewhaven  and  Dieppe  routes.  She  is  270  ft.  length, 
33  ft.  beam,  i,ooo  tons  displacement,  and  8  ft.  6  in.  draught 
of  water.  She  has  spacious  accommodation  for  600 
passengers,  and  with  machinery  developing  18,000  horse- 
power would  have  a  sea  speed  ol  about  30  knots,  as  com- 
pared with  the  speed  of  19  to  22  knots  of  the  present 
vessels  of  similar  size  and  accommodation. 

Again,  in  a  lecture  delivered  before  the  Insti- 
tution of  Engineers  and  Shipbuilders  in  Scot- 
land, Mr.  Parsons  said  that  the  marine  steam 
turbine  would  be  found  to  be  superior,  or  at 
least  equal  in  economy  of  coal  to  the  reciproca- 
ting engine  when  placed  in  fast  vessels  of  the 
mercantile  marine.  In  the  case  of  an  Atlantic 
liner,  turbine  engines  would  effect  a  reduction  in 
weight  of  machinery,  and  also  increased 
economy  in  fuel,  tending  either  to  a  saving  in 
coal  on  the  one  hand,  or,  if  preferred,  to  some 
increase  in  speed  on  the  same  coal  consumption 
per  voyage. 


IT8    PRINCIPAL    ADVANTAQBS. 

The  principal  advantages  of  the  turbine 
system  of  propulsion  for  passenger  steamers  of 
all  classes,  compared  with  vessels  fitted  with 
ordinary  engines,  are  as  follow : — 

(i)  Increased  speed  for  the  same  boiler  power 
due  to  considerably  reduced  weight  of  machinery 
and  increased  economy  in  steam.  (The  advan- 
tage increasing  with  higher  powers  and  speeds.  1 

(la)  Same  speed,  with  reduced  boiler  power 
and  reduced  coal  consumption  for  the  same 
reason  as  (i). 

(2)  Absence  of  vibration,  giving  greater  com- 
fort to  passengers. 

(3)  Increased  cabin  accommodation,  due  to 
smaller  machinery  space. 

(4)  Less  up-keep  in  machinery,  and  smaller 
engine-room  staff. 

HIQH-SPEED    TURBINE    YACHTS. 

The  possibilities  of  the  steam  turbine  for 
yacht  propulsion  have  recently  been  attracting 
the  attention  of  the  yachting  world.  Two 
yachts,  which  are  to  be  fitted  with  the  Parsons 
marine  steam  turbine,  have  recently  been 
launched,  whilst  a  third  is  in  the  stocks.  Their 
names  are  Tarantula^  Emerald^znd  Lorena. 

The  first  to  be  launched  was  the  Tarantula, 
built  by  Messrs.  Yarrow  and  Co.,  of  Poplar,  for 
Col.   McCalmont,    M.P.,   from    the    design    of 
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Messrs.  Cox  and  King,  of  London.  She  is  a 
unique  vessel,  in  that  she  has  been  built  on  the 
lines  customary  with  vessels  of  the  torpedo- 
boat  class.  As  regards  her  hull  and  boilers  she 
is  practically  identical  with  a  modern  first-class 
torpedo-boat,  the  only  difference  being  in  the 
propelling  machinery.  Her  boilers  are  of  the 
Yarrow  water-tube  type,  and  we  believe  that 
she  is  the  first  yacht  to  be  fitted  with  water- 
tube  boilers.  The  Tarantula  is  160  ft.  long, 
with  a  16  ft.  beam  ;  the  machinery  consists 
of  three  turbines,  one  high  pressure  and  two  low 
pressure.  Each  drives  three  shafts,  and  there 
are  three  propellers  on  each  shaft.  She  is 
therefore  driven  through  the  water  by  nine 
screws.  The  question  of  propellers  is  one  that 
has  long  exercised  the  attention  of  Mr.  Parsons, 
and  his  experimenting  may  be  expected  to  lead 
to  important  results.  The  trials  of  the  Tarantula 
have  been  carried  out  with  some  secrecy.  Her 
designed  speed  was  24  knots,  and  she  is  believed 
to  have  made  26745  knots  when  loaded  to  a 
displacement  of  150  tons.  Doubtless  a  full 
series  of  trials  will  be  made,  and  comparison 
will  then  be  possible  between  the  turbine- driven 
Tarantula  and  a  first-class  torpedo-boat  whose 
engines  are  of  the  reciprocating  triple-expansion 
type,  and  whose  horse-power  is  about  2,000. 

THE    "EMERALD." 

The  Emerald  was  launched  the  other  day. 
She  was  constructed  to  the  order  of  Sir 
Christopher  Furness,  M.P.,  D.L.,  from  the 
designs  and  under  the  direction  of  Mr.  Fred.  J. 
Stephen,  the  managing  director  of  the  Linthouse 
Shipyard,  Glasgow,  by  Messrs.  Alex.  Stephen 
and  Son,  Ltd.  She  is  236ft.  long,  28ft.  Sin. 
beam,  and  18  ft.  6  in.  moulded  depth,  giving  a 
tonnage  of  956  tons  yacht  measurement.  She 
has  been  constructed  under  Lloyds'  special 
survey  to  class  100  Ai.  Her  propelling  machinery 
consists  of  three  sets  of  Parsons  steam  turbines, 
each  of  which  drives  one  propeller  shaft,  one 
propeller  of  about  3  ft.  diameter  being  attached 
to  the  centre,  and  two  propellers,  each  of  about 
20  in.  diameter,  to  each  of  the  side  shafts. 

At  the  launch  of  the  Emerald^  Sir  Christopher 


Furness  remarked  that  what  Mr.  Parsons,  Mr. 
Stephen,  and  he  himself  had  in  view  in  fitting 
the  Emerald  with  turbines,  was  to  put  into  the 
vessel  such  power  as  would  enable  her  to  steam 
at  the  highest  rate  compatible  with  entire  free- 
dom from  vibration.  He  believed  that  object 
would  be  attained,  and  still  further  he  believed, 
as  a  business  man  and  as  one  engaged  with 
ships  and  shipping,  that  the  steam  turbine 
would  practically  revolutionise  yachting  and 
yacht  owning  in  this  country. 

Mr.  G.  L.  Watson,  the  well-known  yacht 
designer  and  yacht  builder,  on  the  same  occasion, 
said  that  if  the  marine  steam  turbine  was 
proved  to  be  economical  at  low  speeds  it 
certainly  had  a  great  future. 

The  Tarantula  has  been  designed  as  a  yacht 
of  exceptionally  high  speed  (24  knots),  but  the 
Emerald  is  to  steam  16  knots  at  her  maximum. 
Seeing  that  yachts  seldom  cruise  for  long 
periods  at  so  great  a  speed  as  16  knots,  but  for 
the  most  part  indulge  in  gentle  cruises  at  lower 
speeds,  it  seems  doubtful  whether  yacht  owners 
will  take  very  keenly  to  the  steam  turbine. 
Whether  the  Emerald  will  prove  as  economical 
as  regards  coal  consumption  at  various  speeds 
as  a  similar  yacht  with  reciprocating  engines 
remains  to  be  seen. 

As  regards  vibration,  it  is  doubtless  possible 
so  to  strengthen  the  hull  as  to  prevent  any  dis- 
comfort from  the  rapid  revolution  of  the  pro- 
peller shafts. 

THE  "LORENA." 

Another  turbine  yacht  under  construction  at 
the  present  time  is  the  Lorena.  The  hull  and 
boilers  are  being  supplied  by  Messrs.  Ramage 
and  Ferguson,  of  Leith,  Scotland,  and  the 
machinery  by  the  Parsons  Company.  She  is 
being  built  to  the  order  of  Mr.  A.  L,  Barber,  of 
New  York,  She  will  displace  about  1,400  tons, 
and  she  will  be  252ft.  3in.  long  by  32ft.  6in. 
beam,  and  moulded  depth  21ft.  Her  indicated 
horse-power  is  to  be  2,500,  and  her  speed  about 
16  knots.  She  has  been  designed  by  Messrs.  Cox 
and  King,  of  London.  The  turbine  machinery 
will  be  very  similar  to  that  fitted  in  the  Emeralds 
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Treats  of  Profiling  Machines,  in  which  outlines  of  irregular  shape  are  produced  by  the  aid  of  a  pattern  or  former 

similar  in  outline. 


VI. 


N  profiling  machines, 
which  are  now  very 
numerous,  there 
is  a  large  range  of 
sizes  ;  and  besides 
this,  numbers  of 
ordinary  vertical 
spindle  machines 
have  provision  for 
converting  them 
into  profilers  when  required. 

It  is  because  irregular  outlines  are  so  very 
costly  to  shape  by  any  other  method  in  other 
machines,  or  by  hand,  and  are  practically 
incapable  of  interchangeable  production  by 
such  methods,  that  the  milling  machine  is  of 
the  highest  value,  and  scores  most  heavily  in 
this  class  of  work. 

GENERAL    CONSTRUCTION. 

The  principle  is  illustrated  in  fig.  i,  in  which 
A  is  the  former,  B  a  pile  of  work,  the  shape  of 
each  piece  in  which  is  controlled  by  the  move- 
ment of  the  tracer,  C,  around  the  edge  of  A. 
The  spindle  head  or  slide,  D,  is  free  to  follow 
the  irregular  movements  of  C.  The  exact 
longitudinal  adjustments  of  C  are  provided  for 
in  large  machines  by  a  sliding  block,  E,  in 
which  the  stem  of  C  has  its  bearings,  and  these 
are  controlled  by  a  screw.  The  taper  form  is 
imparted  to  the  tracer  pin,  C,  in  order  to 
provide  for  coarse  and  fine  depths  of  cut, 
effected  by  raising  or  lowering  the  tracer. 


It  is  easy  to  understand  that  in  movements  of 
this  kind  any  lost  motion  in  the  fitting,  either  of 
the  spindle  and  its  head,  or  of  the  tables,  would 
be  fatal  to  accuracy  of  results.  Provision  is 
therefore  made  for  taking  up  wear  as  soon  as  it 
begins  to  develop. 

In  all  the  hghter  types  of  profilers  there  are 
two  movements  to  the  cutter,  one  horizontally 
by  the  sHding  of  the  head  bodily,  and  one  verti- 
cally by  the  sliding  of  the  cutter  spindle  alone. 
The  first  is  controlled  by  the  former  and  tracer 
pin,  the  second  by  hand.  In  most  machines 
the  head  and  pin  are  maintained  in  contact 
with  the  former  by  the  pull  of  a  suspended 
weight.  In  some  of  the  smallest  machines, 
however,  a  handle  alone  is  used  for  imparting 
the  pull.  The  sliding  head  in  good  machines 
is  carried  on  rollers  on  the  top  edge  of  the 
horizontal,  or  cross  rail,  to  lessen  friction.  In 
order  to  allow  for  the  ever-changing  horizontal 
positions  of  the  sliding  head,  the  spindle  pulley 
is  driven  by  a  half-crossed  belt  from  a  long  drum 
at  the  rear.  The  work  is  carried  on  a  sUding 
table,  which  is  operated  by  hand  or  by  power. 

A    TYPICAL    MACHINE. 

The  mechanism  of  a  profile  milling  machine 
is  best  studied  in  the  front  and  side  elevations, 
given  in  figs.  2  and  3,  of  one  of  the  latest  forms 
built  by  Messrs.  Webster  and  Bennett,  of  the 
Atlas  Works,  Coventry. 

The  spindle.  A,  is  driven  from  the  long  drum, 
B,  on  the  same  shaft  as  the  three-stepped  cones. 
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FIG.      16.  HEAVY     PROFILIXG     MACHINE. 

KENDALL  AND   GENT,    MANCHESTER. 
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with  a  quarter-twist  belt.  The  slide,  C,  in 
which  the  spindle  has  its  bearings,  has  a  range 
of  vertical  travel  on  the  carriage,  D  (3^  in. 
in  this  case),  and  is  counterbalanced  by  the 
weight,  E,  at  the  end  of  the  quadrant  rack. 
The  carriage,  D,  runs  on  its  cross  rail,  on  rollers, 
in  order  to  render  its  working  as  easy  as 
possible  ;  a  is  the  former  pin,  which  being  held 
against  the  former  or  pattern  by  the  weight,  F, 
and  so  pulling  the  slide,  D,  imparts  its  pattern 
to  the  work  upon  the  table.  By  clamping  the 
saddle  on  the  cross  slide  the  machine  can  be 
used  as  a  vertical  miller  for  plain  work  within 
its  range,  including  such  operations  as  slot 
drilling,  face  milling,  etc. 

The  table  feeds  include  one  longitudinal, 
accompHshed  in  this  case  with  rack  and  pinion, 
and  a  circular  drive  with  worm  gear.  The 
longitudinal  feed  is  derived  from  the  stepped 
cone,  F,  through  spurs,  bevels,  worm  and  worm 


wheel,  and  again  through  spurs  to  the  rack, 
the  course  of  which  is  clearly  indicated  in  the 
two  views.  Stops,  66,  strike  a  lever,  c,  and 
reverse  the  motion  through  the  claw  clutches 
on  the  worm  shaft.  The  table  can  be  moved 
and  adjusted  by  hand  from  G.  The  gear  for 
the  feed  of  the  circular  table  is  seen  at  the 
right  of  fig.  2.  It  comprises  worm  and  spur 
gears,  which  can  be  thrown  out  instantly  by  the 
clutch,  by  hand.  The  table  has  the  sud  trough 
round  it,  without  which  no  machine  is  now 
considered  complete.  All  the  gears  are  machine 
cut,  and  protected  by  guards.  Provision  is 
made  for  taking  up  wear,  so  that  no  lost  motion 
shall  occur  in  the  movements  of  the  table.  A 
pump  is  seen  at  H,  belted  from  the  main 
driving  shaft.  The  body  of  the  machine  forms 
a  tank  for  suds.  A  tool  cupboard  is  also  fitted. 
The  spindle  is  of  steel,  hardened  and  ground, 
and  runs  in  adjustable  bearings  of  gun- metal. 
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FIG.  4.    D0UBLE-3PIXDLE  VERTICAL  MILLING  MACHINE. 
H.  \V.  WARD   AND   CO.,    BIRMINGHAM. 

The  end  thrust  is  taken  on  ball  collars.     This 
machine  weighs  about  a  ton. 

TWO-SPINDLE    MACHINES. 

A  good  many  machines  are  made  with  two 
spindles,  examples  being  given  in  figs.  8  and 
17.  These  machines  fulfil  two  useful  functions, 
since  each  spindle  can  be  used  on  a  separate 
piece  of  work  dissimilar,  or  else  identical,  in 
form.  In  the  first  case  the  output  is  doubled  ; 
in  the  second,  one  spindle  will  take  a  roughing 
and  the  other  a  finishing  cut. 

THE    WARD    MACHINE,    WITH    TWO    SPINDLES; 

Figure  4  illustrates  a  very  handy  two-spindle 


machine  by  Messrs.  H.  W.  Ward  and  Co.,  of 
Birmingham,  which,  though  not  a  true  protiler. 
may  be  considered  as  a  connecting  link  between 
the  plain  vertical  spindle  machines,  and  the  pro- 
filers. It  is  designed  for  doing  circular  work, 
the  edges  of  which  can  be  milled  to  any  sec- 
tional form.  The  table  is  rotated  by  worm  .md 
wheel,  and  the  spindles  are  driven  by  a  single 
belt  passing  around  idlers  to  flanged  pulleys  at 
the  spindle  heads.  The  advantage  of  being 
able  to  take  a  roughing  and  a  finishing  cut  on 
work  without  resetting  is  very  great.  Ihe  value 
of  this  when  large  numbers  of  similar  pieces 
have  to  be  turned  out  to  interchange  is  obvious. 
A  pump  supplies  lubrication,  which  is  drained 
off  into  the  body  of  the  machine,  to  be  pumped 
up  again. 

THE    ARCHDALE    MACHINES. 

Messrs.  James  Archdale  and  Co.,  of  Birming- 
ham, make  a  speciality  of  profiling  machines,  of 
which  the  firm  manufactures  several  sizes  and 
types,  forming  an  important  section  of  the  plant 
for  arsenals.  Fig.  5  illustrates  one  of  the  smaller 
sizes,  having  an  8-in.  horizontal  traverse  of  the 
spindle,  and  a  table  measuring  15  in.  by  12  in. 
The  horizontal  drum  from  which  the  spindle  is 
driven  is  partly  seen  behind,  and  also  the 
counter-balance  of  the  spindle.  The  horizontal 
slide  runs  on  rollers,  and  the  same  lever  at  the 
front,  which  moves  the  vertical  slide,  also  pulls 
the  horizontal  slide  and  pin  against  the  former 
or  pattern.  The  table  feed  is  by  a  hand  wheel, 
through  spur  gears  to  a  rack,  and  the  wheel 
which  gears  with  the  rack  is  in  halves,  so  that 
back  lash  can  be  taken  up.  The  machine  fram- 
ing contains  a  reservoir  for  suds,  which  are 
pumped  thence  up  to  the  cutter. 

A  heavier  machine  by  this  firm  is  shown  in 
fig.  6,  in  which,  instead  of  being  merely  hand- 
operated,  all  motions  are  self-acting.  The  cross 
slide  is  pulled  over  to  its  work  by  a  weight,  and 
it  has  self-acting  transverse  traverse  by  worm 
gears  and  a  screw.  The  vertical  slide  is 
counterbalanced  by  springs,  and  adjusted 
by  hand  wheel  and  screw.  The  table  is  fed 
and  reversed  automatically  in  the  longitudinal 
direction,  and  the  removable  circular  table  is 
also  self-acting.     The  base  is  utilised  as  a  tank. 

A  very  fine  profiling  machine  by  the  same 
makers  is  shown  in  Hig.  7,  being  back-geared, 
and   having   a   table   measuring  4  ft.    6  in.   by 


Digitized  by 


Google 


FIG.  3. 


Digitized  by 


Google 


652 


Page's  Magazine. 


2  ft.  4  in.  The  machine  can  be  used  as  a 
profiler,  or  for  ordinary  work.  For  the  former 
it  is  furnished  with  a  chain  and  weights,  for  the 
latter  the  cross  slide  is  rendered  self-acting  by 
gears.  The  vertical  slide  is  counterbalanced  by 
a  weight  dependent  from  chains.  The  table 
has  quick  return  motion  in  each  direction.     All 


by  Messrs.  Pfeil  and  Co.,  of  Clerkenwell,  differs 
in  several  respects  from  other  designs.  Thus, 
it  has  separate  spindles  for  slow  and  quick 
speeds,  the  latter  being  driven  from  the  former. 
But  the  wear  on  the  large  slow-speed  spindle 
is  much  less  than  it  would  be  if  run  at  a  high 
rate  of  revolution.     When  the  main  spindle  is 


FIG.   5.      ONE    OF    THE   SMALLER    PROFILING    MACHINES. 
J.    ARCHDALE    AND    CO.,    BIRMINGHAM. 


feeds  are  self-acting,  and  all  have  hand  adjust- 
ments also.  The  feeds  are  driven  through 
friction.  There  are  sixteen  changes  of  speed 
to  the  cutter  spindle. 

A    DOUBLS-SPINDLK    RKINKCKKR    MACHINK. 

A   large  profiling   machine  (tig.  8\  by  J.  E. 
Rcinccker»  of    Chemniiz-Gablenz,    represented 


in  use,  the  secondary  one  is  thrown  out  of  gear. 
In  the  machine  shown  the  spindle  rates  are  as 
three  to  one.  The  driving  is  done  through 
stepped  cones  and  back  gears,  having  a  ratio  of 
ibi  to  I,  and  bevel  wheels  to  the  spindle. 
Another  feature  is  that  instead  of  the  profiling 
action  being  effected  by  drawing  over  the 
spindle  head  against  a  former,  the  table  sUde  is 


Digitized  by 


Google 


FIG.     7.        VERTICAL     MILLING     MACHINE,     WITH     PROFILING     ACTION. 
J.     ARCHDALE     AND     CO.,     BIRMINGHAM. 
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FIG.    6.  SELF-ACTING     PROFILING    MACHINE. 

J.   ARCHDALE   AND  CO.,   BIRMINGHAM. 


moved.  The  profiling  roller  is  carried  in  a 
bracket  which  is  bolted  to,  and  adjustable  on 
the  base  of  the  main  frame.  Circular  milling  is 
provided  for  by  a  round  table,  not  shown. 
Feeds  are  automatic,  the  transverse  feed  varies 


from 


to  7  in.  per  minute.     The  table  has 


a  quick  return  motion,  nineteen  times  faster 
than  the  feed.  The  size  of  the  machine  is  a 
striking  feature.  It  weighs  nearly  Sh  tons,  and 
the  working  surface  of  the  table  measures 
6ft.  2  ^'  in.  by  i  ft.  iIh  in.     The  bottom  spindle 


bearing  is  6^^  in.  in  diameter,  by  iii  in. 
the  upper  one  4I  in.  by  8  J  in. 


long. 


SPECIALISED    MACHINES    BY    WEBSTER     ANO 
BENNETT. 

Messrs.  Webster  and  Bennett,  of  Coventry, 
make  some  patented  profile  milling  machines 
of  unusual  and  interesting  types,  both  horizontal 
and  vertical.  Two  horizontal  machines  are 
shown  in  figs.  9  and  10,  the  first  for  work  of  a 
general  character,  the  second  for  special  purposes. 
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FIG.  8.      HEAVY   PROFILING   MACHINE. 
J.     E.     REINECKER,     CHEMNITZ-GABLENZ. 


The  machine  in  fig.  9  is  double-headed — 
that  is,  there  are  two  cutter  heads,  and  two 
work  heads  carried  on  one  bed,  so  that  one 
attendant  can  mind  two  pieces  of  work.  The 
weights  seen  below  hold  up  the  roller  or  tracer 
against  the  cam  or  former  plate,  and  so  move 
each  work  head  to  and  fro.  The  hand  levers 
seen  in  front  are  used  to  pull  the  heads  to  the 
front  when  work  has  to  be  changed.  The  imr- 
stepped  cones  drive  worm  gear,  by  which  the 
work  is  rotated,  but  the  worm  is  provided  with 
a  friction  clutch  and  releasing  attachment,  by 
means  of  which  awkward  shapes  can  be  milled. 
(See  figs.  12  to  15.)  This  machine  is  suitable 
for  milling  cams,  links,  small  levers,  glands, 
squares,  hexagons,  etc.,  used  on  steam  and 
water  fittings. 


The  machine  shown  in  fig.  10  has  been  speci- 
ally designed  for  milling  the  cams  of  motors  and 
similar  work,  when  the  cams  are  solid  with  the 
shaft,  or  loose. 

The  piece  is  held  in  a  three-jaw  self-centring 
chuck,  which  grips  the  shaft  on  its  journals  or 
turned  parts.  The  portion  operated  upon  is 
close  to  the  chuck,  and  the  job  is  still  further 
supported  by  a  steady.  The  former  plate  is 
immediately  behind  the  chuck,  and  the  whole 
is  revolved  against  the  cutter  by  worm  gearing. 
The  bracket  at  the  extreme  right  supports  the 
end  of  the  shaft,  and  is  provided  with  a  division 
plate  to  ensure  the  different  cams  along  the 
shaft  being  in  the  correct  relation  to  each  other. 
After  each  cam  is  milled,  the  chuck  is  opened, 
and  the  shaft  slid  through  the  hollow  spindle 
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far  enough  to  bring  the  next  cam  into  position. 
The  bracket  at  the  extreme  right  slides  with 
the  cam  shaft,  the  dividing  plunger  being  with- 
drawn before  the  feed  motion  is  started.  The 
cutter  is  carried  in  a  head  which  slides  to  and 
from  the  bed  at  the  back.  The  tracer  roller  is 
mounted  upon  it,  and  is  kept  up  to  its  work  by 
a  weight  and  chain.  A  hand  lever  at  the  front 
withdraws  the  cutter  from  the  work  while  a 
change  is  being  made.  For  milling  loose 
cams  a  short  mandrel  is  fixed  to  the  former 
plate  in  place  of  the  chuck.  The  bed  of  the 
machine  rests  on  a  sud  tray,  and  a  pump  is 
provided. 

The  vertical  profile  milling  machine  in  fig,  ii 
is  another  speciality  of  Messrs.  Webster  and 
Bennett.  In  its  essential  mechanism  it  re- 
sembles the  horizontal  machine,  fig.  9,  but  the 
work  head  is  made  to  slide  on  a  vertical  bracket 
instead  of  on  a  horizontal  bed.      Its  value  lies 


in  the  tooling  of  pieces  that  lie  outside  the 
range  of  the  horizontal  machine.  The  work  is 
fastened  to  a  cam  plate  carried  on  the  end  of  a 
large  hollow  spindle,  through  which  a  bolt  runs 
for  securing  the  mandrel  in  the  spindle  end. 
The  various  movements — circular,  vertical,  and 
trip — are  controlled  by  adjustable  dogs.  The 
slide  which  carries  the  spindle  is  counter- 
balanced. 

The  sketches  (figs.  12  to  15)  will  serve  to  illus- 
trate the  many  and  varied  pieces  which  are 
dealt  with  on  these  machines,  and  the  method 
of  their  operation.  Figs.  12  and  13  show  a 
cycle-fork  crown  attached  to  the  cam  plate,  and 
just  commencing  its  revolution  in  the  direction 
of  the  arrow,  the  cutter,  of  course,  running 
against  it.  The  cam  plate  is  held  against  the 
roller  by  the  weight  in  the  ordinary  manner 
until  the  position  at  fig.  14  is  reached.  At  this 
point  the  cam  is  assisted  by  a  roller  at  the  rear 


HG.   9,      DOllJLE-HEADtl)     HOKIZOXTAL    PKOKILE     MILLING     MACHINE. 
WEBSTER   AM)     BENNETT,   COVENTRY. 
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FIG.    10.      MOTOR   CAM    SHAFT   PROFILE    MILLING   MACHINE. 
WEBSTER  AND   BENNETT,   COVENTRY. 


of  the  automatic  head.  Its  action  is  shown  in 
fig.  15.  An  inclined  bracket  is  bolted  to  the 
bed,  against  which  the  roller  pushes,  with  the 
result  that,  as  the  bracket  cannot  move,  the 
whole  head  is  pushed  over  bodily  in  the  direc- 
tion of  the  arrow.  This,  of  course,  draws  the 
cam  out  of  its  awkward  position — shown  in 
fig.  14— and  allows  it  to  proceed  on  its  revo- 
lution. This  action  occurs  twice  in  each 
revolution,  the  large  worm  wheel  being  mounted 
on  a  friction  cone,  to  enable  it  to  slip  slightly 
in  the  operation,  the  lost  motion  being  taken 
up  in  a  division  plate,  the  small  holes  of  which 
are  indicated  in  fig.  15. 

MODIFICATIONS    IN     DK8IQN. 

Many  profiling  machines  have  heads  without 


any  range  of  vertical  movement,  the  only  move- 
ment available  in  this  direction  being  that 
imparted  to  the  spindle  itself  by  the  hand  lever. 
In  the  smaller  machines  of  the  pillar  and  knee 
type,  the  knee  supplies  the  means  for  increasing 
the  vertical  range.  In  the  heavier  machines  of 
the  planer  type  the  cross  rail  can  be  raised  and 
lowered  on  the  housings.  So  that  in  the 
heavier  and  the  lighter  machines  we  have  two 
entirely  distinct  arrangements  for  increasing  the 
capacity  of  these  machines  to  suit  work  of 
different  heights.  In  an  intermediate  class,  in 
which  the  machine  is  usually  carried  on  a  cup- 
board base,  and  which  supports  the  table 
slides,  the  cross  rail,  though  frequently  rigidly 
fixed  with  the  housings,  is  also  sometimes  made 
movable  thereon,  as  in  the  planer  type. 
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FIG.     II.        VERTICAL     PROFILE     MILLING     MACHINE. 
WEBSTER  AND   BENNETT,  COVENTRY. 


Figure  16  illustrates  a  large  prohling  machine 
of  the  planer  type,  by  Me?^srs.  Kendall  and  Gent, 
of  Manchester,  which,  of  course,  is  equally  suit- 
able for  plain  and  circular  milling.  The  feature 
to  be  noted  in  this  machine  is  that  the  spindle 
is  not  driven  by  a  belt  from  a  drum  at  the  rear, 
but  through  tOv^lhed  gearing,  a  practice  which 
is  adopted  in  a  good  many  of  the  heavier 
machines. 


THK    WB880N    DRIVS. 

The  belt  difficulty  in  profiling  machines, 
where  the  position  of  the  head  is  constantly 
changing,  is  obviated  by  the  recently  patented 
Wesson  drive.  It  is  applied  to  the  machines  of 
the  Gar\'in  Machine  Company,  represented  in 
England  by  Messrs.  C.  W.  Burton,  Griffiths 
and  Co.,  of  Ludgate  Square,  E.C.  The  essen- 
tial  feature   is  that    the  profiUng  spindle,    or 
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FIG  12. 


FIG  15. 


FIG  13. 
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spindles,  are  driven  directly 

from    the   counter-shaft  by 

telescopic  shafts.  One  of  the 

two-spindle   pnifilers   made 

by  iIhs  tirm,  fitted  with  the 

drive,    is   shown   In  \]g,    17, 

The   telescopic  rods  wliich 

come  down  to  the  top  ends 

of    the   spindles   are   made 

to   suit    the    height    ot    the 

ceiling  of  the   shop.      The 

CHiiitershaft   is  nt  li  s]>ecial 

type.        A     single    casliuj^ 

canies  the    whole    of    the 

inilleys,       A     tliree  -  speed 

cone  pulley,  with  an  internal 

fnctiuH  clutch,  is  belted  from 

the  main    line   shaft.    Twu 

pulleys  r>n   the    cnne   shaft 

<irive    two     small     Hanged 

pulleys   nn    vertical    shafts, 

which    are   jointed    to    the 

telescopic    spindles.       Tlie 

direction  of  rotation  of  one 

tw  of  both  spindles   can  he 

doilged    by     sliding     the 

kiader  pulleys  sidL^ways,  and 

it^ftf^ing    ihe    belt.      The 

^^hX   '^f    the    telescopic 

^^oSks   IS  taken  on  roller 

thn^  uk-gishcrs.    The  joints 

^  ustencd  to  tlie  spindles 

^MitS^i^  keys,  secured 

te  li|«r  (iBS  nvetted  over 

l\f^  cwis.  The  joint  pins 

^  ^fS^  md   secured 

W||9&«ri&    In  the  centre 

^  te  1^  bbd  tlicre  is  a 

"  -  ■    GQiotiitis   felt^ 

uritli    oil, 

oirf  in  the 

force,  and 


no.  i: 


nvu\  IV  run  ^I'lvni  1 


ivHiiiii;.  uiiii   vw.sMJX  i»RiAtt^ 
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FIG.  i8. 


The     housings    are  utilised    as  reservoirs   for 
oil   or  water,   and  flexible  pipes    lead  thence 
to    the    spindles.      The  lubricant  is  led   back 
to  a  reservoir  in    the    base,  whence   a   pump 
returns  it   to  the  housings.       The  hangers  in 
the   overhead  are   supplied  with   large    reser- 
voirs of  non-fluid  oil,  which  lubricates  without 
attention  for  a  long  time,  and  is  not  thrown  off 
by  the  rotation  of  the  shafts.   A  large  oil  groove 
round  the  table  keeps  grit  off  the 
slides.      The  spindle   slides    are 
balanced.     They  have  adjustable 
I6ck    tops,    micrometer     adjust- 
ments, and    screw  gauge  stops. 
Stops  are  fitted  to  the  table  move- 
ment, and  back  lash  is  taken  up 
on  the  pinion  and  rack  that  drives 
the  table.       The    lever    usually 
employed    for     controlling     the 
movement  of  the    cross   slide  is 
replaced  by  a  crank  handle  and 
gearing,     giving     the     operator 
greater  command  over  his  work, 
with  less  effort  on  his  part. 

THK   NKW    PRATT  AND    WHITNKY 
8PINDLK     DRIVK, 

Another  recent  drive,  which  does  away  with 
belts  to  the  spindle,  is  illustrated  in  fig.  i8, 
which  represents  the  spindle  of  a  double-spindle 
profiling  machine  by  the  Pratt  and  Whitney 
Company,  of  Hartford.  A  horizontal  splined 
shaft  lying  along  the  cross  rail,  and  driven  from 
a  three-stepped  cone,  carries  a  spiral  gear,  which 
engages  with  a  similar  gear  on  the  cutter  spindle. 
The  details  shown  in  the  drawing,  including  the 
ball  thrusts,  are  self  explanatory.  The  method 
of  holding  in  the  taper  shanks  of  the  cutters  is 
also  shown  dotted,  a  long  bolt  passing  through 
the  hollow  spindle,  in  the  manner  common  to 
light  machines. 
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MACHINK    TOOLS. 

TXT'E  illustrate  one  of  the 
^  ^  Milwaukee  milling 
machines,  for  which  Messrs. 
Schischkar  and  Co.,  Ltd.,  of 
Birmingham,  are  the  Ekiglish 
agents.  A  general  idea  of 
the  design  can  be  gathered 
from  the  photo  (fig.  i), 
while  the  heavily  shaded 
portions  in  figs.  2  and  3 
show  the  vertical  spindle, 
and  the  rack  cutting  attach- 
ments. The  machine  is 
interesting  as  representing 
high-class  American  prac- 
tice by  a  firm  who  offer  a 
welcome  to  all  visitors,  and 
who  work  only  in  speciali- 
ties. 

The  headstock  is  curved 
upwards  at  the  rear  of  the 
pulleys,  in  lathe  head 
fashion,  and  is  braced  at 
the  top  by  a  continuous 
boss,  which  receives  the 
overhanging  arm.  The  arm 
and  knee  are  connected 
with  cross  braces,  which 
are  readily  removable.  The 
knee  is  of  the  box  section. 
Feeds  are  automatic,  in 
longitudinal,  transverse,  and 
vertical  directions,  and  only 
one  can  be  engaged  at  one 


FIG.    I.       NO.  2    PLAIN    "MILWAUKEE' 
(662) 


MILLING   MACHINE. 
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FIG.   2.      VERTICAL-SPINDLE   ATTACHMENT. 

time,  the  other  two  being  automatically  locked. 
The  feeds,  twelve  in  number,  range  from  006 
in.  to  '13  in.  per  revolution  of  the  cutter  spindle. 
They  are  controlled  from  a  box  at  the  rear  of 
the  machine  by  simply  moving  a  lever  'over  a 
dial  plate,  and  without  the  employment  of 
stepped  cones.  The  headstock  spindle  has  a 
taper  hole  to  receive  a  No.  10  B.  and  S.  taper 
shank,  and  the  nose  is  threaded,  and  protected 
by  a  collar  when  not  in  use.  The  spindle 
bearings  are  of  bronze. 

In  the  universal  machines,  the  spindle  of  the 
spiral  head  has  a  taper  hole  and  threaded  nose 
to  correspond  with  that  of  the  main  spindle,  so 
that  all  fixtures  will  interchange.  The  back 
centre  is  adjusted  vertically  for 
tapered  work  by  means  of  a  rack 
and  pinion.  It  is  graduated  in 
degrees,  to  correspond  with  the 
graduations  on  the  head,  so  that  it 
is  possible  to  set  the  tail  centre  in 
line  with  the  spindle  on  the  head 
instantly.  The  swivel  carriage  has 
a  graduated  circular  base,  and  can 
be  clamped  at  any  angle.  The 
thrust  of  the  elevating  and  table 
screws  is  taken  on  ball  bearings. 
The  feed  screw  has  compensating 
nuts,  and  all  vital  parts  subject  to 
wear  have  means  of  adjustment. 
The  screws  have  micrometric  dials, 
reading  to  thousandths  of  an  inch. 

The   vertical-spindle   attachment 
(fig.  2)  is  used  with  the  arm  brace  fig.  3 


still  in  service,  so  that  heavy  cutting  is 
readily  done.  The  spindle  can  be  set 
to  any  vertical  angle,  arid  clamped 
there  by  means  of  the  nuts  in  a  cir- 
cular tee-groove  on  the  face  of  the 
head.  The  edge  is  graduated  into 
degrees. 

The  rack-cutting  attachment  (fig.  3) 
is  bolted  to  the  same  face  as  the 
vertical.-spindle  fitting,  and  is  also 
supported  by  the  overhanging  arm. 
Room  is  left  for  the  fitting  of  several 
cutters  set  parallel  with  each  other  for 
cutting  teeth  in  a  rack  simultaneously. 
Spiral  gears  can  be  cut  with  the 
universal  head  and  swivel  table.  In 
many  cases  a  circular  saw  is  inserted 
for  cutting  stock  off  to  length. 

NEW    LATHE     BY     MR.    QEORQE    ADDYw 

The  photo  illustrates  a  new  electrically-driven 
pipe-turning  and  boring  lathe  by  Mr.  George 
Addy,  of  the  Waverley  Works,  Sheffield.  It  is 
designed  for  dealing  with  pipes  ranging  from 
10  in,  to  30  in.  diameter,  by  12  ft.  6  in.  in 
length.  The  tool  is  of  large  dimensions,  weigh- 
ing 15  tons,  and  is  a  striking  illustration  of  a 
highly  specialised  machine. 

Both  heads  are  driven  independently,  each  by 
its  own  motor,  which  is  of  the  four-pole  type, 
and  therefore  slow  running.  Instead  of  using  a 
worm  drive,  the  rotation  of  the  motors  is  trans- 
mitted to  the  headstock  gears  through  a  pair  of 


VERTICAL-SPINDLE   AND   RACK-CUTTING  ATTACHMENT. 
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ELECTRICALLY-DRIVEN    PIPE-TURNIXG  AND   BORING   LATHE.      MR   GEORGE   ADDY,   SHEFFIELD. 


bevel  wheels.  The  mechanism  of  each  head  is 
alike,  so  that  a  description  of  one  will  apply  to 
both. 

Each  of  the  boxes  seen  in  front  of,  and  below, 
the  main  spindles  of  the  headstocks,  contains  a 
nest  of  spur  gears.  The  headstocks  are  double 
geared,  but  the  back  gear,  placed  below,  is 
always  in  engagement,  and  variation  of  speed 
is  obtained  by  the  nest  of  spur  wheels  just 
mentioned.  In  each  box  there  is  a  bottom  shaft 
which  can  be  slid  longitudinally,  and  a  top 
shaft  which  has  no  endlong  motion.  These 
shafts  carry  gears,  and  the  bottom  one  a  sliding 
key,  by  which  either  one  of  three  wheels, 
each  of  a  different  size,  is  brought  into  engage- 
ment by  the  movement  of  the  lower  lever  seen 
in  front  of  the  box,  so  changing  the  speed  of 
the  spindle,  in  addition  to  the  changes  afforded 
by  the  regulating  switch  above  the  box.  The 
upper  smaller  lever  controls  the  feed.  This  is  at- 
tached through  worm,  bevel,  and  spur  gearing,  to 
a  screw  underneath  the  headstock.  This  can  be 
stopped  instantly  by  the  long  lever  that  stands 
up  on  the  inside  of  each  box,  and  which 
controls  a  positive  clutch. 

The  three  switches  seen  above  each  gear 
box  are  as  follows.  The  one  at  the  extreme 
outer  end  is  the  starting  switch,  the  one  above 
is  the  speed- regulating  switch,  or  controller, 
and  the  inner  one  is  a  double-pole  switch  used 
when  stopping  the  motor.  This  switch  breaks 
the  current,  and  so  avoids  having  to  tear  the 
magnetic    switch    from    its    attraction ;    con- 


sequently it  moves  back  as  soon  as  the  attrac- 
tion has  ceased. 

The  absence  of  a  slide  rest  from  this  type  of 
lathe  is  explained  by  the  method  of  turning 
and  boring  adopted  in  pipe  work.  Cutter  rings 
are  bolted  to  each  face  plate,  one  of  which 
turns  the  external  diameter  of  one  end  of  the 
pipe,  while  the  other  bores  the  internal  diameter 
of  the  other  end.  Each  headstock  advances 
by  the  screw  feed  just  now  mentioned,  towards 
the  centre  of  the  bed,  until  each  end  has  been 
turned  and  bored  to  the  required  length.  The 
face  plates  are  grooved,  so  that  the  boring  and 
turning  heads  can  be  bolted  into  position  easily. 
The  pipe  rests  or  steadies  are  interesting  pieces 
of  mechanism,  comprising  fine  screw  adjust- 
ments for  centres.  The  spindles  run  in  bear- 
ings of  gun- metal. 

CRANES. 

A  correspondence  which  has  been  going  on 
in  a  contemporary  relative  to  electric  cranes 
affords  a  striking  commentary  on  the  weakness 
of  dogmatic  assertion.  Two  firms,  both  thor- 
oughly reliable,  and  fully  conversant  with  the 
best  modern  methods,  differ  widely  on  a  ques- 
tion of  efficiency.  The  writer  knows  the  works 
of  one  ot  these  firms  very  well,  and  w^ould  be 
prepared  to  swear  by  any  statements  which  they 
should  make,  so  carefully  are  all  experiments 
conducted  there,  and  of  so  high  a  grade  is  the 
workmanship  put  into  their  cranes.  But  the 
point  is  this — experiments  which  are  conducted 
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in  different  works  are  not  exactly  comparable 
with  each  other,  and  the  results  that  are 
obtained  are  very  largely  affected  by  little  details 
of  workmanship,  and  by  local  shop  conditions, 
which  are  often  of  much  greater  importance 
than  the  mere  calibration  of  instruments  used 
in  tests.  Practical  men  will  quite  understand 
how  this  can  happen.  The  writer  holds  that 
mere  statements  of  results  obtained  in  different 
shops  are  of  little  value. 


cranes.  It  is  true  that  in  a  vast  number  of  cases 
ropes  have  been  taken  out,  and  the  cranes  con- 
verted into  electrical  ones,  with  economical 
results  ;  but  in  a  large  number  of  instances  the 
rope  cranes  never  had  the  chance  to  develop 
their  fullest  possibilities,  the  reason  being  the 
neglect  of  those  precautions  which  experience 
has  shown  are  necessary  to  yield  the  best  results 
from  the  system.  There  is  nothing  perhaps 
more  responsive  tofrictional  losses  than  a  high- 
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It  is  much  to  be  desired  that  the  whole 
subject  of  electric  versus  rope  cranes  should  be 
settled  in  one  shop  on  the  same  overhead  crane, 
or  on  two  cranes  of  similar  make,  fitted  with 
motors  and  ropes  respectively.  The  subject  is 
one  of  much  practical  interest.  Even  now, 
though  so  many  cranes  are  motor-driven,  there 
are  firms  who  still  retain  and  prefer  the  rope 
drive,  and  a  good  business  is  still  done  in  these 


speed  rope  running  over  a  number  of  pulleys. 
If  the  rope  is  of  unsuitable  material,  badly 
made  or  badly  spliced,  if  the  pulleys  are 
small  and  not  true,  nor  hung  truly,  nor  of  proper 
section,  if  the  jockey  weight  is  not  properly 
proportioned,  if  bends  are  sharp,  or  speeds  too 
high,  the  efficiency  of  the  rope  is  greatly 
lessened,  and  excessive  power  is  required  to 
drive  it.     But  in  any  case  it  is  a  rope  drive. 
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The  subject  is  one  of  more  than  passing 
interest,  because  the  choice  of  power  for  over- 
head travellers  is  now  almost  entirely  restricted  to 
ropes  and  electric  motors.  The  steam  traveller, 
except  for  outdoor  service,  for  which  it  is  often 
very  suitable,  is  being  used  less  and  less,  while 
the  square  shaft  system  has  many  fatal  objec- 
tions, and  is  being  abandoned  rapidly. 

rOUNDRV    MATTKRS-CUPOLA    PRACTICK. 

In  England,  cupola  practice  has  not  advanced 
so  much  as  it  has  in  America,  nor,  probably,  as 
much  as  in  Germany,  that  is  if  it  is  to  be  gauged 
by  the  employment  of  patented  and  improved 
types.  In  this  respect  the  English  foundry- 
man  is  conservative.  And  yet  it  is  open  to 
question  whether  the  results  obtained  in  English 
foundries  with  common  cupolas  are  not  as 
economical  as  those  obtained  with  the  more 
scientific  types.  Of  course,  a  very  big  factor 
always  is  the  length  of  a  melting,  but  beyond 
this  the  writer  holds  that  almost  everything 
depends  on  the  skill  of  the  melter.  It  is  not 
only  possible  to  put  good  iron  and  good  coke 
(both  ideal  from  the  chemist's  point  of  view) 
into  the  cupola,  and  obtain  very  bad  metal, 
but  one  man  will  also  get  hot  clean  metal  with 
a  very  much  lower  expenditure  of  coke  than 
another.  All  the  patents — and  they  are  legion 
—which  have  been  taken  out  for  arrangements 
of  tuyeres,  only  embody  those  principles  with 
which  the  intelligent  melter  is  familiar,  viz., 
that  the  blast  must  be  evenly  distributed  through 
a  certain  zone  of  the  cupola,  which  occupies  a 
well-defined  vertical  position,  above  and  below 
which  complete  combustion  and  melting  do 
not  go  on.  Any  common  cupola  of  good 
height,  and,  with  a  good  arrangement  of 
tuyere  holes,  is  capable  of  melting  economi- 
cally, if  used  with  intelligence  by  a  man  of 
experience.  A  good  bed  charge  is  necessar>% 
alter  which  a  comparatively  small  quantity  of 
coke  need  be  used. 

A  good  fumaceman  is  therefore  a  \-aluable 
acquisition  in  a  foundry,  and  his  wages  should 
rate  as  high  as  those  of   a  skilled  mechanic. 


There  is  no  time  to  idle  after  the  metal  comes 
down,  but  the  melting  zone  must  be  constantly 
watched  to  see  that  a  sufficiency  of  fluid  iron  is 
dropping,  and  the  necessary  instructions  given 
for  re-charging.  A  knowledge  of  chemistry 
alone  will  not  ensure  good  results,  though  it 
helps  a  man  in  understanding  the  reasons  for 
some  of  the  phenomena  which  he  observes 
daily,  and  is  thus  a  valuable  ally  to  practice. 

UNIVER«AL    TOOL    QRINDKR. 

The  illustration  shows  a  universal  grinding 
and  finishing  machine,  with  automatic  longi- 
tudinal movement  of  table,  of  substantial  and 
high-class  manufacture.  It  is  by  the  London 
Emery  Works  Company,  of  Clerkenwell,  E.G. 
Articles  which  have  to  be  ground  to  gauge  can 
be  handled  with  facility  on  this  machine.  The 
fitting  of  an  automatic  travel  to  the  table  gives 
better  results  than  in  those  machines  with  hand 
travel  produced  by  means  of  a  crank  handle. 
In  grinding  milHng  cutters  the  table  does  not 
travel  the  exact  length  of  the  teeth,  but  a  little 
further,  so  that  the  operator  has  time  to  bring 
another  tooth  into  position  before  grinding. 
Should  it  be  necessary  to  work  the  table  by 
hand,  as  is  sometimes  the  case,  the  clutch  on 
the  table  is  brought  into  gear  in  its  middle 
position,  thus  releasing  the  automatic  feed.  If 
the  reversing  pin  is  tightened,  the  return  stroke 
can  also  be  utilised.  The  grinding  head  is 
fastened  to  the  stand  of  the  machine  and  is 
adjustable,  and  either  an  emery  wheel  or  a 
cylinder  can  be  used.  Both  types  are  protected 
by  a  hood,  to  which  an  exhaust  pipe,  to  draw 
off  the  dust,  can  be  easily  fitted.  The  machine 
is  driven  from  an  overhead  motion,  having  an 
oscillating  saddle,  which  gives  automatic  motion 
to  the  table ;  and  the  adjustment  is  accurately 
balanced  with  a  counterpoise,  so  that  the  belting 
alw^^'s  remains  taut. 

The  height  of  the  machine  to  the  centre  of 
the  spindle  is  44]  in.,  the  longitudinal  move- 
ment of  the  table  23I  in.,  the  traverse  movement 
by  hand  9  in.,  and  the  vertical  movement,  also 
by  hand,  15J  in.  The  extreme  length  taken 
between  centres  is  24 J  in. 
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Our  illuslrations  show   the  coaling  of  H.M.S.  Terrible  by  the  Tanjong  Fagar    Dock  Company, 

Ltd.,  at  Singapore. 
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Some  1,510  tons  of  Cardiff  coal  were  loaded  into  the  Terrible  s  bunkers  in  5  hours 
commencing  at  10.7  a.m.  and  finishing  at  3.7  p.m. — a  record  performance.  The  Terrible 
was  coaled  during  the  hottest  hours  of  the  day,  the  temperature  in  the  shade  being  88*3*'. 
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lOiOOO   Volts    Thfcc-Phasc    Transmission  in 
Algeria. 

Description  of  the  Mascara  three-phase  transmis- 
sion scheme,  which  utilises  the  falls  of  the  river 
Oued-Fekan. 

THE  electric  power  transmission  system  at  Mascara 
utilises  power  available  at  the  falls  of  the  river 
Oued-Fekan.  Current  is  provided  for  the  public  and 
private  li^jhting  of  the  town  of  Mascara,  which  is  situated 
about  sixteen  miles  from  the  power  station,  and  also 
motive  power  to  the  Mascara  central  pumping  station, 
established  at  Side-Daho,  about  twenty  miles  from  the 
falls. 

It  may  be  mentioned  that  coal  averages  twenty-eight 
shillings  a  ton  at  Mascara,  and  as  water  is  also  scarce,  the 
use  of  steam  power  was  practically  out  of  the  question. 

A  dam  had  to  be  made  to  retain  the  water  at  the 
necessary  level,  and  its  construction  presented  greater 
ditliculties  than  all  the  rest  of  the  undertaking,  due  to  the 
fact  that  Algeria  is  frequently  visited  by  terrible  storms. 
The  first  dam  was,  in  fact,  swept  clean  away  by  one  of  these 
Hoods,  and  therefore  the  second  dam  has  been  built  to 
withstand  ten  times  the  normal  pressure.  It  is  carried 
on  immense  concrete  foundations  sunk  into  the  bed  of 


the  river  to  a  depth  of  seven  feet,  instead  of  only 
four  feet  as  at  first,  and  all  the  masonry  is  built  in 
with  cement. 

The  head  race,  which  commences  at  the  dam,  is  about 
2,000  yds.  long,  its  w-idth  at  the  top  being  4  ft.  2  in.,  and 
at  the  bottom  2  ft.,  and  its  capacity  18  cubic  feet  per 
second.  It  is  concreted  throughout  its  whole  length,  and 
ends  in  a  reservoir  provided  with  an  overflow  outlet. 
From  this  reservoir  a  steel  pipe  line  about  490  ft.  long 
runs  to  the  turbines. 

This  pipe  line  is  of  rolled  steel  in  lengths  of  20  to  30ft. 
each,  and  jointed  on  the  Gibault  system.  The  internal 
diameter  is  2  ft.  3^  in.,  and  the  minimum  capacity  about 
17J  cubic  feet  (no  gallons)  per  second, with  a  loss  of  head 
of  2  ft. 

The  effective  height  of  the  fall  is  150  ft.,  and,  in  order 
to  economise  in  the  pipe  line,  the  thickness  of  the  pipe  is 
graduated  as  below: — 
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thick     .. 

for  45  lb.  per  square 

inch 

80  ft. 

/.f  in. 

»» 

»»    7r>   »»    »»        i» 

»» 

120  ft. 

iin. 

M 

»  105  „     ,,        „ 

»» 

145  ft. 

U"*!  »". 

». 

M  '35   »f     »»        »» 

It 

Some  of  the  piping  is  supported  by  iron  rings  fixed  to 
massive  blocks  of  freestone  placed  at  convenient  intervals; 
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the  rest  is  carried  on  tarred  wooden  beams  so  arranged 
that  the  pipe  is  raised  a  few  inches  above  the  ground. 

The  power  station  is  on  the  left  bank  of  the  river,  at  a 
sufficient  height  to  ensure  its  being  above  the  water  level 
during  the  heaviest  floods.  The  building  is  40  ft.  long 
and  35  ft.  wide.  The  foundations  are  made  of  hydraulic 
cement,  concrete  being  also  used  where  the  presence  o^ 
water  necessitates  this  construction. 

The  available  power  amounts  to  about  200  h.p.,and  two 
electric  generating  units  of  corresponding  output  have 
been  installed,  one  of  them  being  a  stand-by. 

The  turbines  are  by  the  firm  of  Xegret,  Bremer  and 
Co.,  of  Grenoble,  and  are  of  the  horizontal  shaft  type. 
'J'hey  are  constructed  for  a  head  of  130  ft.  and  20  cuoic 
Icct  t)f  water  per  second,  and  develop  192  to  200  h.p.  at 
VH)  revolutions  per  minute.  The  efticiency  is  Ho  per  cent, 
iit  lull  load  and  72  per  cent,  at  half  load,  a  special  turbine 
irjiulator  being  provided,  which  maintains  the  speed  con- 
bl.int  within  two  or  three  per  cent. 

The  three-phase  generators  are  of  the  International 
llitlikal  Engineering  Company's  (London)  standard 
(/|.r,  having  a  stationarv  armature  and  revolving  field 
>M  irn*  I's  the  poles  (each  having  its  own  coil)  being 
i,,im"v  to  the  armature  core.  Kach  alternator  is 
,  ij.il.tr  o(  developing  125  kilowatts  at  530  volts  and  50 
l.ftf.tU  per    second,    when    running  at  500    evolutions 


per  minute.  It  is  cx»mplete  with  a  direct- 
driven  exciter,  and  the  couplings  between 
the  turbine  and  the  alternator  shaft  are 
of  the  flexible  type. 

It  may  be  mentioned  that  it  was 
decided  to  generate  the  current  at  530 
volts,  and  to  transform  up  to  10,000 
volts,  because  the  construction  of  the 
generators  and  also  the  switchboard  is 
so  much  simplified. 

Although  one  of  the  generating  sets 
is  usually  held  in  reserve,  the  connections 
are  such  that  both  sets  can  be  run  in 
parallel,  as,  for  instance,  in  changing; 
over  from  one  set  to  the  other  without 
stopping  supply. 

The  transmission  line  consii^ts  of  three 
bare  copper  conductors,  each  0*3  square 
inch  cross  section.  The  poles  are  of 
cedar  wood,  40  ft.  high,  and  are  spaced 
30  to  50  yards  apart. 

At  both  ends  and  every  550  >-ards 
along  its  complete  length,  the  line  U 
protected  by  **  Siemens* "  lightning 
arresters,fitted  with  high-tension  cut-outs 
Guard  netting  is  employed  where  the 
line  crosses  the  railway  and  the  public 
highways.  This  netting  is  in  the  form 
of  a  metal  cage,  and  it  is  impot^sible 
for  a  broken  line  wire  to  fall  to  the 
ground.  Here  and  there  conspicuous 
notices  in  both  Arabic  and  French  have 
been  placed  on  the  poles  stating  that 
contact  witii  the  line  is  fatal.  A  tele- 
phone line  connects  the  generating 
station  with  the  Mascara  and  the 
Side-Daho  pumping  works. 

The  receiving  station  at  Mascara  consists  of  an 
underground  vault,  containing  four  40-kilowatt  trans- 
formers, the  secondary  and  feeder  switchboards  for  the 
town  lighting  supply.  \  freezing  machine  has  al>o 
been  installed  to  make  use  of  the  surplus  power  which 
is  available  during  the  day  time.  It  is  on  the  Douanc 
system,  and  is  capable  of  producing  270  lbs.  of  ice  per 
hour. 


The  Development  of  Eastern  Penu 

The  Camino  de  Pichis  is  a  bridle-road,  which  is  intended 
to  serve  as  an  outlet  for  the  produce  of  a  region  on  the 
eastern  side  of  the  watershed  of  the  Andes,  to  which  the 
Peruvian  Government  wihh  to  attract  immigrants,  and  is  a 
part  of  the  "Via  Central"  or  •'  Central  Route  "  of  Peru. 

This  route,  taken  together  with  the  navigation  of  the 
River  Amazon,  reaches  from  the  Pacific  to  the  Atlantic ; 
but,  in  its  present  state  of  development  at  least,  is  n^t 
intended  to  afford  through  communication. 

The  upper,  or  western,  part  of  the  region  to  be 
developed  is  the  hilly  country,  from  which  are  derived 
several  streams  flowing  into  the  Cca>'ali,  chiefly  lht>Mr 
which  do  so  as  aflluents  of  the  Pachitea.  This  hilly  part 
lies  mostly  above  seven  hundred  metres  of  altitude,  and 
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the  road  itself  rises  above  twelve  hundred  metres,  from 
sea  level.  The  more  eastern  part  of  the  road  traverses 
an  almost  level  region,  the  banks  of  the  Azupizu,  and 
runs  alongside  that  stream,  and  the  River  Pichis  to 
Puerto  Bermudez,  at  the  confluence  of  the  Pichis 
and  the  Chivis,  about  twenty  kilometres  north  of  Port 
Tucker. 

From  Callao  to  Oroya  is  220  kilometres  by  rail,  the 
latter  place  being  3,712  metres  above  sea  level.  Thirty 
kilometres  beyond  by  bridle-road  is  the  town  of  Tarma 
with  some  8,000  inhabitants  (at  an  altitude  of  3,054 
metres).  Seventy-eight  kilometres  further  north-east  is 
the  already  settled  valley  of  Chanchamayo,  with  the 
village  of  La  Merced,  which  has  600  inhabitants,  and  an 
altitude  of  775  metres.  Cocoa,  coffee,  and  sugar-cane 
are  cultivated  in  the  valley. 

Thirty-four  kilometres  further  on,  and  117  from  Oroya, 
the  **  Camino  de  Pichis  "  begins  at  the  little  village  of  San 
Luis  de  Shuaro  (861  metres).  This  road  traverses  the 
region  now  advertised  by  the  Peruvian  Government,  and 
is  221  kilometres  in  length,  traversing  a  wild  region 
which  has  entailed  the  provision  by  the  Government  of 
some  dozen  inns  to  provide  food  and  shelter  for  the  pack 
animals  and  their  drivers.  About  114  kilometres  are  in 
the  hilly  region,  and  the  remainder  in  the  flat  land. 
From  Puerto  Bermudez,  the  end  of  this  road,  the  journey 
is  made  by  steamboat  down  the  Pachitea  and  the  Lower 
Ucayali,  fifteen  hundred  kilometres,  to  Iquitos,  on  the 
Amazon,  a  port  which  ocean-going  steamers  can  reach. 

It  is  not  quite  clear  whether  a  transhipment  is  neces- 
sary between  Puerto  Bermudez  and  Iquitos ;  if  so,  it 
could  easily  be  avoided  in  the  future. 

The  products  which  the  "zone  of  the  Pichis"  provides 
or  is  adapted  to  provide,  include  timber,  rubber,  resins 
etc.,  cocoa,  coffee,  coca,  and  sugar-cane. 

The  journey  from  Lima  to  Iquitos  is  supposed  to  lake 
seventeen  days,  the  return  journey  being  made  in  twenty- 
two  days. 

It  should  be  clearly  understood  that  this  is  not  a  through 
route,  nor  is  it  at  present  worked  regularly,  since  the 
Peruvian  Government,  in  their  ofBcial  guide,  give  the 
sea  route,  by  the  straits  of  Magellan,  as  the  way  to  reach 
Peru  from  the  coasts  of  Brazil. 

This  enterprise  shows  some  activity  on  the  part  of  the 
authorities  in  Peru,  and  the  great  natural  wealth  of  the 
country,  the  remarkable  extent  and  nature  of  the  great 
waterways  concerned,  and  the  importance  of  some  of  the 
products  of  that  region  deserve  some  notice  from  those 
who  are  accustomed  to  keep  an  eye  on  the  less  exploited 
regions  of  the  world. 


Enterprise  and  Technical  Education* 

Messrs.  Handyside,  makers  of  steel  bridges,  roofs 
buildings,  etc.,  of  Derby,  in  order  to  encourage  their 
apprentices,  have  arranged  to  pay  half  the  fees,  and 
purchase  the  necessary  instruments  and  books,  for  all 
their  apprentices  who  attend  evening  classes  at  the 
Derby  Technical  College,  in  approved  subjects,  for  a  term 
of  three  years.  Apprentices  who  pass  the  prescribed 
examinations,  will  receive  increased  wages,  and  will  be 
allowed  to  retain  the  instruments  purchased  for  them. 


In  a  letter  to  the  TimeSy  Mr.  James  D.  Legard, 
Chairman  of  the  Technical  Instruction  Committee,  N.R., 
Yorks  County  Council,  points  out  that  some  of  the  great 
ironmasters  in  Middlesbrough,  and  in  the  Cleveland 
district  of  North  Yorkshire,  have  agreed  to  give  their 
apprentices  one  day  off  in  the  week  without  counting 
it  loss  of  time,  and  also  to  pay  half  their  fees,  to 
enable  them  to  attend  day  classes  in  science.  The 
county  borough  of  Middlesbrough  and  the  county 
council  of  the  North  Riding  of  Yorkshire  have  agreed 
to  pay  the  other  half  of  the  fees  of  these  pupils, 
who  therefore  are  able  to  get  this  instruction 
free.  The  classes  have  been  established  by  the 
governors  of  Middlesbrough  High  School,  and  are 
held  throughout  the  year.  The  subjects  of  instruction 
include  applied  mechanics,  practical  mathematics,  and 
steam. 

It  is  observed  that  evening  classes  in  these  subjects 
have  long  been  available,  but  it  is  found  that  after  a  long 
day  in  the  shops,  or  the  drawing  oftice,  a  young  man  is 
hardly  physically  capable  of  taking  advantage  of  this 
method  of  instruction.  The  present  plan  is  in  all  ways 
preferable. 


Successful  Exhibits* 

At  the  Dusseldqrf  Exhibition,  the  Lahmeyer  Electrical 
Company,  had  some  15,000  h.p.  of  electrical  plant 
running.  We  are  informed  that  they  received  the  highest 
award,  viz.,  the  large  Gold  State  Medal  and  the  Gold 
Exhibition  Medal,  for  their  machines  in  almost  every 
group. 


D.  Stewart  and  Co.  (1902),  Ltd. 

The  business  and  works  of  D.  Stewart  and  Co.,  Ltd., 
have  been  taken  over,  as  at  9th  June,  1902,  by  a  new 
company,  which  has  been  registered  under  the  title  of 
D.  Stewart  and  Company (1902),  Ltd.  Mr.  William  Beard- 
more,  of  Parkhead  Forge,  Rolling  Mills  and  Steel  Works, 
Glasgow,  is  Chairman  of  Directors. 


A  Notable  Winding  Engine* 

The  vertical  winding  engine  shown  in  the  photo  was 
one  of  the  most  prominent  exhibits  at  the  Diisseldorf 
Exhibition.  It  was  built  by  the  Prinz  Rudolf  Ironworks 
Company,  of  Dulmen,  for  the  Preussen  II.  colliery  of  the 
Harpener  Bergbau  Gesellschaft,  and  was  designed  by 
Dr.  E.  Tomson,  the  general  manager  of  the  Harpener 
Bergbau  Gesellschaft.  The  spiral  rope  drums  have  their 
cones  turned  in  opposite  directions  ;  this  enabling  the 
shafts  to  be  kept  to  moderate  dimensions.  The  engine  is 
an  inverted,  vertical  two-cylinder  compound  of  the 
marine  type,  and  is  connected  to  the  drums  by  unequal 
armed  rocking  beams  and  connecting  rods,  giving  a 
crank  throw  of  about  two-thirds  the  piston  stroke.  The 
main  dimensions  are  as  follows  : — 

High  pressure  cylinder,  850  millimetres  diameter  by 
2,600  millimetres  stroke. 

Low  pressure  cylinder,  1,150  millimetres  diameter  by 
2,6go  millimetres  stroke. 
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VERTICAL   WINDER    EXHIBITED  AT    DUSSELDORF    EXHIBITION. 


Boiler  pressure,  12  atmospheres. 

Diameters  of  drums,  5,500  millimetres  to  10,000  milli- 
metres. 

Total  width  of  each  drum,  3,590  millimetres  ;  horizontal 
part,  350  millimetres  wide. 

Maximum  winding  depth,  1,200  millimetres. 

Average  winding  speed,  10  metres  per  second. 

With  a  rope  speed  of  12  metres  per  second  the  engine 
runs  at  28*2  revolutions  per  minute,  which  equals  a  piston 
speed  of  400  ft.  per  minute.  The  drum  shafts  are 
650  millimetres  diameter,  with  500  millimetres  journals, 
an  overhanging  weight  being  placed  in  the  centre  to 
counterbalance  the  reciprocating  parts.  The  engine 
weighs  in  all  about  470  tons,  and  covers  some  70  ft. 
by  40  ft. 

The  loads  the  engine  will  have  to  wind  from  the 
various  levels  are  as  follows  : — 

From    800  metres,  8  tubs  carrying  88cwt.  coal. 
M      1,000        „       6    „  „       ()6    „ 

„      1,200        „       4    „  „       42     „ 


giving  an  hourly  output  of  180,  145,  and  125  tons  respec- 
tively, twenty  seconds  being  allowed  for  decking.  The 
pit-frame,  some  109  ft.  high,  which  is  to  be  used  with 
this  engine,  was  also  shown  at  the  exhibition,  and  was 
built  by  the  Humboldt  Engineering  Works  Company,  oi 
Kalk.  The  cages  weigh  4  tons,  and  the  rope  about 
10  tons,  giving,  with  eight  loaded  tubs,  a  load  ot 
18  tons  8cwt.  from  the  bottom.  The  pit-frame  ha^ 
Tomson's  improved  method  of  changing  all  four  decks  at 
once  on  to  hydraulic-balanced  cages,  these  cages  being 
discharged  during  the  next  winding. 

New  Destructor  Plants* 

Orders  for  a  destructor  plant,  to  deal  with  120  ton> 
of  refuse  per  day,  have  been  placed  with  the  Horsfall 
Destructor  Company,  Ltd.,  by  the  Bradford  Corporation. 
The  same  company  is  also  providing  destructor  plants 
for  Swansea  and  West  Hartlepool,  to  deal  with  75  and  ("O 
tons  respectively  per  diem.  The  West  Hartlepool  plant 
is  an  extension  of  the  existing  "  Horsfall  "  destructor. 
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MONTHLY  NOTES  ON    NAVAL   PROGRESS  IN   CONSTRUCTION   AND  ARMAMENT. 

BY 

N.  I.  D. 


'TpHE  two  questiojis  of  the  greatest  interest 
'^  which  have  concentrated  the  attention 
of  naval  students  during  the  past  month  are 
those  which  concern  the  share  which  the 
Colonies  are  prepared  to  take  in  the  provision 
of  Imperial  defence,  and  the  future  training 
of  the  'naval  oflftcer.  With  regard  to  the 
former,  the  proceedings  of  the  Colonial  Con- 
ference, which  have  now  been  issued,  are  full 
of  the  most  interesting  matter,  some  portion 
of  which  I  propose  to  refer  to  here.  On  the 
other  hand  it  is  somewhat  difficult  to  deal, 
except  in  the  most  cursory  manner,  with  the 
second  and  equally  important  problem — that 
connected  with  th^  supply  and  training  of 
officers  for  the  Navy. 

It  is  generally  known  at  the  time  of  writing 
that  the  Admiralty  have  in  contemplation  large 
changes  connected  with  the  entry  and  the 
co-ordination  of  the  various  branches  of  officers. 
It  may  be  that  the  official  scheme  will  be  made 
public  before  these  lines  appear  ;  for  the  present 
everything  is  a  matter  of  conjecture  and  specula- 
tion. What  we  may  be  quite  sure  of  is  that  the 
Board,  with  Lord  Selbome  at  its  head,  will  have 
given  due  consideration  to  the  vastness  and 
complexity  of  this  question,  so  intimately 
associated  with  the  future  prosperity  of  the 
Navy  and  the  Empire.  We  have  heard  a  great 
deal  about  the  grievances  of  the  marine  engineers, 
the  officers  in  charge  of  the  engineering  depart- 


ment of  the  Navy.  Other  branches,  too,  have 
at  various  times  voiced  their  aspirations  and 
desires.  We  may  rest  assured  that  any  scheme 
which  has  for  its  basis  merely  the  gratification 
of  such  desires,  or  the  remedy  of  such  personal 
complaints,  cannot  be  an  adequate  solution  of 
the  problem.  What  is  wanted  is  something 
conceived  in  a  more  statesman-like  frame, 
something  showing  a  broad-minded  grasp  of 
the  essential  necessities  of  the  nation's  Navy. 
Such  legislation  must  be,  for  the  f utiu-e,  tempered 
by  tactful  treatment  of  existing  personal  and  pro- 
fessional feelings  and  sentiments.  A  common 
entry  (preferably  by  nomination),  a  common 
educational  basis  of  culture,  a  common 
alma  mater — these  thine^s  will  tend  to  remove 
distinctions  and  jealousies  which  have  existed 
in  the  past.  Upon  such  a  foundation  we  may 
build  up  a  technical  education  such  as  the 
scientific  improvements  and  developments  of 
to-day  imperatively  demand,  while  conserving 
all  that  portion  of  the  training  which  the 
experience  of  generations  demonstrates  as  essen- 
tial to  the  production  of  the  self-reliant,  respon- 
sible, and  resourceful  seaman  of  to-day. 

In  this  connection  I  may  quote  from  the  speech 
of  that  ardent  reformer  and  capable  public 
servant,  Mr.  Arnold  Forster,  the  Financial 
Secretary  to  the  Admiralty,  who,  speaking 
at  the  Guildhall  Banquet  on  November  nth, 
said  : — 
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He  honestly  believed  that  in  no  department  of  the 
State  was  a  higher  and  nobler  quality  of  service  rendered 
than  in  the  Navy.  If  he  were  asked  in  what  he  thought 
the  chief  and  most  excellent  distinction  of  the  naval 
service  lay,  he  would  say  that  it  was  in  the  traditions  of 
thoroughness  of  work,  of  zeal  displayed  without  the 
stimulus  of  immediate  reward,  or  the  desire  for  public 
approbation  ;  and,  above  all,  in  the  extraordinary  loyalty 
of  naval  officers  to  their  own  service,  and  the  wholesome 
feeling  of  comradeship  which  made  every  officer  speak 
well  of  his  brother,  and  dwell  rather  on  his  merits  and 
successes,  however  small,  than  upon  his  faults  and 
failures,  however  marked.  He  thought  it  was  impossible 
to  exaggerate  the  value  of  those  traditions,  and  of  this  he 
was  certain,  that  any  change  which  tended  to  diminish 
their  force  or  to  discount  their  value  would  be  disastrous 
to  the  Navy  and  to  the  country  which  it  served.  Changes 
there  must  be  from  time  to  time,  but  he  believed  the 
Admiralty  was  fully  alive  to  the  truth  that  no  change 
which  failed  to  take  into  account  the  best  feelings  and 
traditions  of  the  Navy,  and  which  did  not  seek  to  extend 
their  enjoyment  to  all  who  served  in  the  fleet,  could  be  a 
wise  one,  or  heneticial  to  the  service. 

One  of  the  most  important  results,  from  a 
naval  point  of  view,  of  the  recent  Colonial 
Conference  is  that  an  increase  in  the  number  of 
modem  men-of-war  maintained  in  commission 
will  have  been  promoted  by  the  aid  of  British 
subjects  in  the  dominions  beyond  the  seas. 
There  is  also  a  larger  and  wider  appreciation 
throughout  the  Empire  of  the  peculiar  charac- 
teristics of  naval  warfare,  and  of  the  fact  that 
those  local  considerations,  which  find  their 
natural  place  in  miUtar>'  organisations,  are 
inapplicable  to  naval  organisation.  And, 
further,  we  have  the  establishment  of  a  branch 
of  the  Royal  Naval  Reserve  in  the  Colonies, 
notably  in  Newfoundland.  In  Australia  and 
New  Zealand  a  great  step  has  been  made  in 
connection  ^^ith  the  matter,  for  it  has  been 
agreed  that  if  possible  one  of  the  ships  of  the 
Australian  squadron  in  permanent  commission 
shall  be  manned  by  Australians  and  New 
Zealanders,  under  officers  of  the  Royal  Navy, 
and  that  ten  cadetships  in  the  .Royal  Navy 
shall  be  given  annually  in  Australia  and  New 
Zealand.  Perhaps  the  most  important  docu- 
ment which  is  to  l>e  found  in  the  pa^^ers  relating 
to  the  Colonial  Conference  is  a  memorandum 
which  has  been  prejxired  by  the  Admiralty  on 
sea  power  and  the  principles  involved  in  it. 
This  memorandum  I  recommend  to  the  attention 
of  the  readers  of  these  Notes.  The  lollowirg 
jx>ints  may  l^  <,^id  to  contain  the  kexiiote  of 


our  naval  policy  in  its  connection  with  Imperial 
defence : — 

The  importance  which  attaches  to  the  command  of  the 
sea  lies  in  the  control  which  it  gives  over  sea  communi- 
cation. The  weaker  sea  Power  is  absolutely  unable  to 
carry  to  success  any  large  military  expedition  over  sea. 
The  truth  of  this  is  shown  by  reference  to  the  history  ot 
the  past.  On  the  other  hand,  the  advantages  which 
accrue  to  the  stronger  sea  Power,  after  it  has  won  the 
command  of  the  sea,  are  equally  illustrated  by  historical 
example.  The  command  of  the  sea  is  determined  b^- 
the  result  of  great  battles  at  sea. 

To  any  naval  Power  the  destruction  of  the  fleet  of  the 
enemy  must  always  l>e  the  great  object  aimed  at.  It  t^ 
immaterial  where  the  great  battle  is  fought,  but  wherever 
it  may  take  place,  the  result  will  be  felt  throughout  the 
world,  because  the  victor  will  afterwards  be  in  a  position 
to  spread  his  force  with  a  view  to  capturing  or  destroying 
any  detached  forces  of  the  enemy,  and  generally  to 
gather  the  proofs  of  victory,  in  the  shape  of  outlying 
positions  in  his  possession,  his  shipping  and  commerce, 
or  even  to  prosecute  over-sea  campaigns. 

Stress  is  laid  on  the  importance  of  the  great  battle  for 
supremacy,  because  the  great  development  of  the  navies 
of  France,  Germany,  the  United  States,  and  Russia,  in- 
dicates the  possibility  that  such  battles  may  have  to  be 
fought  in  the  future.  It  is  the  battleships  chiefly  whkrb 
will  have  to  be  concentrated  for  the  decisive  battle,  and 
arrangements  must  be  made  with  this  object  during  peace 
Our  p.  ssible  enemies  are  fully  aware  of  th«  necessity 
of  concentrating  on  the  decisive  points.  They  will 
endeavour  to  prevent  this  by  threatening  our  detached 
squadrons  and  our  trade  in  different  quarters,  and  thus 
obliging  us  to  make  further  detachments  from  the  main 
fleets.  All  these  operations  will  l>e  of  secondary  import- 
ance, but  it  will  be  necessary  that  we  shoald  have 
sufficient  power  available  to  carry  on  a  vigorous  offcn 
sive  against  the  hostile  outlying  squadrons,  without 
unduly  weakening  the  force  concentrated  for  the  decisive 
t>attle,  whether  in  Europe  or  elsewhere. 

The  immense  importance  of  the  principle  of  concentra- 
tion, and  the  facility  with  which  ships  and  squadrons  can 
be  moved  from  one  part  of  the  world  to  another,  points 
to  the  necessity  for  a  single  navy,  under  one  centred,  by 
which  alone  concertcMi  action  between  the  several  parts 
can  t)e  assured. 

In  the  foregoing  remarks  the  word  defence  does  n  t 
appear.  It  is  omitted  advisedly,  l>ecause  the  primary 
object  of  the  British  Navy  is  not  to  defend  anything,  but 
to  attack  the  fleets  of  the  enemy,  and,  by  defeating  them. 
to  afford  protection  to  British  dominions,  shipping,  and 
commerce.  This  is  the  ultimate  aim.  The  traditional 
roic  oi  the  British  Xa\-\'  is  not  to  act  on  the  defensive, 
but  to  prepare  to  at'.ack  the  force  which  thrcalens— in 
other  woi  ds,  to  assume  the  offensive.  The  strength  and 
comp^.>Miu>n  of  the  British  Xav-y,  or  of  any  British 
squaJri»n,  depends,  therefore,  upon  the  strength  and 
o^nip.^Mti  >n  oi  the  lv>-tjle  lorces  which  it  is  liable  to  meet 

It  would  he  most  unfortunate  if  the  idea 
should  prevail  that  the  problem  is  one  of  locaJ 
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defence,  and  that  each  part  of  the  Empire  or 
each  coast  town,  whatever  might  be  its  impor- 
tance, can  be  content  to  have  its  allotment  of 
ships,  for  the  purpose  of  the  separate  protection 
of  an  individual  spot,  the  result  of  which  could 
only  be  disastrous.  Both  at  home  and  in  the 
Colonies  it  is  necessary  to  arouse  a  sense  of 
personal  interest  and  of  personal  possession  in 
the  Imperial  Navy — a  feeling  that  the  protection 
of  our  interests,  our  conmierce,  and  our  dominions 
is  an  affair  of  ocean  strategy,  not  one  of  station- 
ing ships  her^  and  there  to  soothe  the  apprehen- 
sions of  every  coast  town  that  may  seem  open 
to  attack.  As  Lord  SeJbome  has  said,  the  sea 
is  all  one,  and  the  British  fleet  must  be  all  one, 
controlled  by  one  authority  with  full  power, 
and  full  responsibility,  guided  by  but  one  idea — 
that  the  task  of  the  Navy  in  war  time  must  be 
to  seek  out  the  ships  of  the  enemy  wherever  they 
are  to  be  found  and  to  destroy  them. 

GREAT    BRITAIN. 

Another  of  the  battleships  of  the  programme 
of  1898-1900  has  now  made  her  trials.  This  is 
the DwMcaw,  which  was  built  by  the  Thames  Ship- 
buildmg  Company  and  was  delivered  at  Chatham 
to  be  completed.  During  her  full-power  trials, 
the;  mean  speed  on  five  runs  on  the  measured 
mile  was  19*11  knots.  On  that  occasion  the 
draught  of  water  forward  was  26  ft.  2  in.  and 
aft  26  ft.  II  in.  The  steam  pressure  in  the 
boilers  was  291  lb.  per  square  inch,  and  the 
vacuum  in  the  starboard  condensers  was 
25'4  in.,  and  in  the  port  condensers  26*5  in. 
The  starboard  revolutions  were  120*5,  ^^^  the 
port  revolutions  121. 1  per  minute.  The  star- 
board engines  had  an  i.h.p.  of  9,196,  and  the 
port  9,036,  a  total  i.h.p.  of  18,252,  with  a  speed 
by  patent  log  of  18*9  knots.  The  Duncan  is 
now  to  be  prepared  for  commission  at  once. 

Information  has  been  pubHshed  in  reference 
to  the  makers  of  the  engines  and  boilers  of  most 
of  the  ships  for  the  1901-03  programmes.  Some 
of  this  information  has  already  appeared  in 
these  Notes,  but  it  may  be  as  well  to  give  it  as 
a  whole.  Of  the  five  battleships,  the  King 
Edward  VII,,  building  at  Devonport,  will  have 
her  machinery  suppUed  by  Messrs.  Harland  and 
Wolff,  and  her  boilers  will  be  four-fifths  Babcock 
and    Wilcox    and    one-fifth    cylindrical ;     the 


Cdmmonii)ealthy  building  by  the  FairfieldCompany, 
will  have  her  engines  made  by  the  same  firm, 
and  will  be  supphed  with  Babcock  and  Wilcox 
boilers.    The  Dominion  is  to  be  supplied  with 
machinery   by   her   builders,   Messrs.   Vickers, 
Sons  and  Maxim,  and  will  also  have  Babcock 
and  Wilcox  boilers.    The  New  Zealand,  to  be 
built  at  Portsmouth,  will  have  her  machinery 
supphed  by  Messrs.  Humphrys,  Tennant  and  Co., 
and  will  have  four-fifths  Niclausse  boilers  and 
one-fifth  cylindrical;  the  Hindustan  will  have 
her  machinery  suppUed  by  the  builders,  Messrs. 
John  Brown  and  Co.,  and  will  have  four-fifths 
Babcock  and  Wilcox  and  one-fifth    cylindrical 
boilers.    Some    interesting    details    about    the 
fittings  of  these  boilers  were  given  in  our  Monthly 
R6sum6  for  November.    All  these  five  battle- 
ships will  have  a  displacement  of  16,500  tons, 
and  a  speed  of  18*5  knots,  the  engines  being  of 
18,000   i.h.p.    The   vessels   will   be    armoured 
throughout,  the  heavier  guns  consisting  of  four 
i2-in.  pieces,  carried  in  pairs  in  turrets  fore  and 
aft.    The  secondary  armament  of  ten  6-in.  guns 
will  be  enclosed  in  a  central  battery,  separated 
by  armoured  screens,  but  not  placed  in  case- 
mates.   Each  vessel  will  have,  however,   four 
9*2-in.  gims  mounted  in  turrets  at    the  four 
upper  angles  of  the  citadel,  two  having  a  forward 
fire  and  two  a  fire  aft.    These  vessels  will  there- 
fore be  able  to  fire  right  forward  with  two  12-in., 
two  9*2  in.  and  two  6-in.  guns,  and    the  fire 
astern  will  be  similarly  formidable. 

In  the  Naval  Notes  for  last  month  the  manner 
in  which  the  armoured  cruisers  of  the  Devonshire 
class  are  to  be  boilered  was  described.  The 
machinery  of  these  vessels  will  in  three  cases 
be  suppUed  by  the  builders  ;  but  the  Devonshire 
will  get  her  machinery  from  the  Thames  Ironworks 
Company, the  Carnarvon  from  Messrs.  Humphiys, 
Tennant  and  Co.,  and  the  Hampshire  from  Messrs. 
Hawthorn,  IxsHe  and  Co.  In  regard  to  these  six 
vessels  it  is  ofi&cially  stated  that  their  armour 
was  provisionally  ordered  on  August  i8th  last, 
and  the  orders  were  confirmed  on  September  3rd 
the  manufacture  of  the  armour  being  commenced, 
therefore,  just  eighteen  months  after  it  was 
announced  that  the  vessels  would  be  built. 

Of  the  two  armoured  cruisers  of  the  1902-03 
progranmie,  one  is  to  be  built  at  Pembroke  and 
the  other  by  contract.     Specifications  for  the 
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latter  have  been  sent  to  the  shipbuilders. 
These  vessels  will  have  a  displacement  of  13,000 
tons.  They  are  to  carry  9'2-guns,  and  the 
anticipated  speed  is  22  knots,  obtained  with 
engines  of  24,000  i.h.p. 

In  a  previous  issue  we  referred  to  four  vessels 
of  a  new  class  and  type,  which  were  induded  in 
the  1902-03  programme.    When  destroyers  were 
first  designed,   it  was  not  contemplated  that 
they    would    be    frequently    used    otherwise 
than  as  working  from  a  fixed  base.    Experience, 
however,  has  shown  that  vessels  with  greater 
sea-keeping    power    are    required    for    service 
with  fleets,  and  the  new  vessels  will  therefore 
have  a  separate  and  distinct  function,  that  of 
acting  as  scouts.    Their  armament  will  enable 
them  to  deal  with  destroyers,  or  other  small 
craft  with  which  they  may  come    in  contact, 
but   they   are   not   intended   to   fight   heavier 
vessels,  the  importance  of  carrying  their  news 
being  deemed  to  outweigh  the  value  of  a  victory. 
The  private  shipbuilders  of  the  country  were 
invited  to  submit  designs  for  these  vessels,  and, 
subject  to  certain   modifications,  orders  have 
now  been  placed  for  four  of  them.    One,  to  be 
built  by  Elswick,  will  have  her  machinery  sup- 
plied by  Sir  W.  G.  Armstrong,  Whifworth  and 
Co.,  and  will  be  provided  with  modified  boilers. 
A  second  will  be  built  by  the  Fairfield  G)mpany, 
who  will  also  supply  her  machinery,  the  boilers 
being  of  the  Fairfield  small  water-tube  type.     A 
third   will    be    built   and   engined   by   Messrs. 
Vickers,    and   supplied   with  Vickers'   Express 
boilers.    The    fourth    will    be    constructed    by 
Messrs.    Laird    Bros.,    the     machinery    being 
supplied  by  the  same  firm,  and  the  boilers  being 
of  the  Laird'Normand  type.     The  coal  carried 
at  the  normal  displacement  is  165  tons,  but  the 
full  supply  will  run  to  380  tons,  wliich,  at  a  speed 
of  from  ten  to  twelve  knots,  should  give  them  a 
radius  of  action  of  about  3,000  miles.     They 
will  be  built  of  sufi&cient  length,  and  will  be 
provided  \\ith  forecastles,  thus  ensuring  good 
sea-keeping   capacity.     They    are    designed    to 
maintain  the  guaranteed  full  speed  of  25  knots 
under   ordinary*   conditions    of   weather.      The 
armament    comprises    six    12-pounder    quick- 
firing  guns — two  on   the   forecastles,   two  aft, 
and   two   amidshi|>s ;     eight   3-jx)under   quick- 
firing  guns — four  on  each  broadside  ;    and  two 
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i8-in.  above-water  torpedo-tubes'^*  ^™P^^ 
will  be  afforded  by  a  steel  deck,  varyu  •  »fc 

ness  from  f  in.  to  ij  in.,  worked  into  tixi  <dW^ 
from  end  to  end,  and  sloped  so  that  the  oa^ 
edge  falls  below  the  normal  water-line.  The 
exact  dimensions  of  these  vessels  and  their 
tonnage  appear  to  be  uncertain,  but  they  will 
probably  be  about  350  ft.  in  length  and  have  a 
displacement  of  between  two  and  three  thousand 
tons. 

rRANOV. 

The  French  Naval  Budget  for  1903  has  been 
laid  before  the  Chamber.  The  total  amount  is 
the  same  as  that  for  the  previous  year,  namely, 
306,798,738  francs.  There  is  a  diminution  of 
expenses  for  the  maintenance  of  squadrons  at 
sea  and  for  the  Admiralty,  but  there  is  a  large 
increase  in  the  charges  for  new  construction, 
particularly  for  work  in  private  yards.  There 
is  also  an  increase  in  the  sum  required  for  naval 
works.  The  reduction  in  the  charges  for  the 
fleet  at  sea  follows  from  a  new  arrangement  by 
which  the  squadron  is  supplied  with  reduced 
complements.  This  plan  has  already  been  tried 
in  the  Northern  Squadron,  and  it  is  now  being 
adopted  in  the  Mediterranean,  much  against 
the  advice  of  French  naval  oflftcers. 

In  reference  to  the  charge  brought  against 
M.  Pelletan,  of  delajdng  the  construction  of 
some  of  the  principal  ships,  such  as  the  Pafrif. 
Jiisticcy  Liberie,  and  Veriie,  the  Minister  of 
Marine  has  explained  to  the  Budget  Committee 
that  his  reason  for  coimtermanding  the  con- 
struction of  these  battleships  was  that  naval 
expenditure  had  already  exceeded  the  estimates 
by  15,000,000  francs,  and  that  a  similar  dis- 
crepancy might  be  expected  next  year.  He 
urged  the  impossibility  of  ordering  constructions 
for  which  the  money  had  not  been  voted,  but 
assured  the  Committee  that  the  work  on  the 
two  battleships  at  Nantes  and  Bordeaux  would 
not  be  suspended.  With  regard  to  the  RepiMiquCy 
the  tN-pe  of  boilers  \*ith  which  she  is  to  be  supplied 
has  not  yet  been  decided ;  but  as  this  vessel  is 
not  to  be  finished  until  1906  there  is  plent>-  of 
time  for  making  a  decision  before  then.  It  is 
not  intended  to  make  any  change  with  regard 
to  her  armament. 

As  regards  armoured  cruisers,  the  Ernest 
Renan.  a  sister-ship  to  the  Jules  Michekt,  is 
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4fat  ar  .under  construction  at  St.  Nazaire ;   but  it 

tti Instated  that  her  plans  are  to  be  completely 

jB* 'ionanged,    with    consequent    loss     of     time. 

'Ihis  delay  in  the  completion  of  the  programme 

has  also  given  rise  to  a  protest  against  the  policy 

of  M.  Pelletan. 

Rear- Admiral  Dupont,  writing  in  the  Gaulois, 
very  harshly  criticises  the  recent  creation  of  a 
body  of  administrators  of  the  Inscription 
Maritime.  Thus,  he  says,  is  formed  a  corps  of 
civil  fimctionaries  who  will  be  the  creatures  of 
the  Ministry,  and  will  end  by  being  a  burden  to 
the  taxpayers.  In  other  quarters  it  is  alleged 
that  a  state  of  chaos  reigns  in  the  Rue  Royale. 

As  regards  the  submarines,  M.  Pelletan  has 
stated  that  he  is  not  in  favour  of  reducing 
their  tonnage,  although  he  beheves  with  Admiral 
Aube  that  boats  of  30  tons  would  be  useful  in 
certain  circumstances.  He  is  in  favour  of 
increasing  the  size  of  these  boats  where  a  large 
radius  of  action  is  essential,  but  orders  for 
larger  vessels  cannot  be  given  until  the  most 
suitable  types  have  been  decided  upon.  There 
has  been  much  delay  in  the  construction  of  the 
thirteen  submarines,  and  the  building  of  others 
has  been  greatl}'  retarded.  It  is  alleged  that  there 
are  at  present  twenty  submarines  in  course  of 
construction  at  Cherbourg,  Rochefort,  and 
Toulon.  These  were  ordered  in  April,  1901, 
and  should  have  been  ready  for  trials  at  the 
end  of  this  year,  but  owing  to  the  delay  in 
ordering  the  electric  accumulators  which  supply 
the  motors,  the  craft  will  not  now  be  ready. 

The  experiment  of  launching  the  Kleber,  fully 
equipped  with  her  masts,  guns,  engines,  and 
boilers  in  place,  is  stated  to  have  been  most 
unsatisfactory,  and  calculated  to  lead  to  further 
expense.  It  is  feared  that,  owing  to  the  tre- 
mendous weight,  the  sides  of  the  vessel  have 
been  badly  strained,  and  the  whole  construction 
weakened. 

GERMANY. 

The  delivery  trials  of  the  new  battleship 
Wettin  were  satisfactorily  accomplished  in 
August.  The  vessel  has  a  displacement  of 
11,900  tons,  and,  with  an  i.h.p.  of  15,000..  has 
developed  a  speed  of  19  knots.  The  construction 
was  undertaken  by  Schichau,  of  Dantzig,  and 
only  occupied  thirty-four  months.  In  this 
connection  a  rather  interesting  comparison  is 
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given  in  the  Marine'Rumhchau  of  the  time  taken 
to  build  the  ships  of  the  Kaiser  class,  which 
have  a  displacement  of  .700  tons  and  engines  of 
21,000  i.h.p.  less  than  the  Wetiin.  The  Kaiser 
Wilhelm  II.,  built  at  the  Imperial  Yard,  Wil- 
helmshaven,  took  forty-one  months  to  build ; 
the  Kaiser  Wilhelm  der  Grosse,  at  the  Germania 
Yard,  Kiel,  took  thirty-nine  months ;  the 
Kaiser  Karl  der  Crosse,  built  by  Bruhm  and 
Boss,  of  Hamburg,  also  took  thirty-nine  months  ; 
and  the  Kaiser  Barbarrossa,  built  by  Schichau, 
took  thirty-three  months  to  construct.  At  the 
trials  of  the  Wettin  in  October  some  trouble 
occurred  owing  to  the  giving  way  of  the  supports 
f o;r  the  heavy  gims,  and  the  vessel  had  to  return 
to  port  for. repairs.  It  is  stated  that  the 
Wittleshach  Zahringen  and  the  Wettin  will  be 
commissioned  early  next  year,  and  that  as  the 
remainder  of  these  ships  hoist  the  pennant  the 
ships  of  the  Brandenburg  class  will  be  withdrawn 
in. order  to  go  through  a  similar  process  of 
modernising  to  that  which  the  Worth  is  already 
undergoing  at  Wilhelmshaven. 

The  new  division  of  deep-sea  torpedo-boats, 
building  by  Schichau  at  Elbing,  is  so  far  advanced 
that  the  first  boat  is  now  ready  for  commission. 
These  boats  will  be  numbered  S114  to  S119. 
Another  sinylar  scheme  of  construction  is  to 
be  put  in  hand  next  year,  but  the  building  and 
cost  of  these  will  figiu-e  on  the  programme  for 
1904. 

RUSSIA. 

Progress  has  been  made  .upon  several  of  the 
smaller  cruisers  of  the  .Russian  Navy.  The 
Boyarine,  launched  at  Copenhagen  on  June  8th, 
1901,  is  to  be  delivered  to  the  Russian  authorities 
immediately.  The  Otchakoff,  building  at  Sevas- 
topol, was  launched  on  October  4th,  in  the 
presence  of  the  Tsar.  Her  dimensions  are  as 
follows :  Length  over  all,  439  ft.  7J  in. ; 
length  on  the  water-line,  433  ft.  5^  in. ;  beam, 
54  ft.  5 J  in. ;  draught,  fully  loaded,  20  ft.  7J  in. ; 
displacement,  6,570  tons.  The  engines  are  of 
19,500  i.h.p.,  and  will  be  supplied  with  steam 
by  sixteen  Normand  boilers.  The  speed  antici- 
pated is  23  knots.  The  normal  bimker  capacity 
is  720  tons,  the  full  capacity  1,100  tons.  The 
thickness  of  the  armoured  deck  will  vary  from 
I  in.  to  2 1  in.,  and  her  casemates  will  be  pro- 
tected by  3j-in.  and  her  turrets  by  5-in.  plates. 
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The  armament  will  consist  of  twelve  6-in.  guns, 
four  in  turrets,  four  in  casements,  and  four  with 
shields;  twelve  2-95-in.  guns;  six  i'85-in. 
guns ;  and  two  submerged  torpedo-tubes. 
She  was  begun  on  March  7th,  1901. 

The  Alma,  building  at  the  Baltic  Yard,  St. 
Petersburg,  recently  had  the  ceremony  of  the 
Zakladka  performed  on  her  by  the  Tsar.  This 
consists  in  the  placing  of  a  silver  plate  or  tablet, 
and  only  takes  place  after  a  considerable  portion 
of  the  ship's  hull  has  been  armour-plated.  The 
Alma  was  laid  down  on  May  6th  last  year,  and 
the  ceremony  of  the  Zakladka  took  place  on 
September  25th.  The  dimensions  of  the  vessel 
will  be  as  follows :  Length  over  all,  363  ft. ; 
length  between  perpendiculars,  325  it.;  beam, 
43J  ft ;  draught,  17J  ft. ;  displacement, 
2,385  tons.  The  engines,  of  7,500  h.p.,  will  be 
supplied  with  steam  by  sixteen  Belle\411e 
boilers,  the  anticipated  speed  being  19  knots, 
and  the  normal  coal  capacity  560  tons.  The 
armament  will  consist  of  2*95-in.  and  i'85-in. 
guns. 

The  Kniaz  Souvaroff  battleship,  which  was 
laid  down  in  September,  1901,  was  launched  in 
the  presence  of  the  Tsar  on  September  25  th,  at 
the  Baltic  Works,  St.  Petersburg.  The  length 
of  this  vessel  over  all  is  398  ft ;  between 
perpendiculars,  367^  ft. ;  beam,  76  ft. ;  draught, 
26  ft. ;  and  her  displacement  is  13,516  tons. 
The  engines,  of  15,800  i.h.p.,  are  to  be  supplied 
with  power  from  twenty  Belleville  boilers,  and 
the  anticipated  speed  is  18  knots.  Her  normal 
coal  capacity  is  1,250  tons.  On  November  ist 
the  Tsar  also  performed  the  ceremony  of 
Zakladka  on  the  battleship  Slava,  at  the  Baltic 
Yard,  St.  Petersburg.  She  belongs  to  the  same 
class  as  the  Kniaz  Souvaroff,  the  Alexander  IIL, 
the  Borodino,  and  the  Orel, 

The  France  Militaire  states  that  the  official 
trials  of  the  armoured  cruiser  Bayan  took  place 
at  Toulon  on  October  28th.  The  engines 
developed  17,400  i.h.p.,  and  the  speed  attained 
was  21  knots,  the  trials  being  considered  satisfac- 
tory. 

JAPAN. 

It  has  been  announced  from  Yokohama  that 
a  new  programme  of  naval  construction  has 
been  decided  upon,  to  extend  over  a  period  of 
six    years.     It    is    said    that    the    scheme    will 


involve  an  annual  expenditure  of  about 
£2,000,000,  the  total  expenditure  reaching 
;f  12,000,000.  Four  battleships,  six  armoured 
cruisers,  and  several  smaller  vessels  are  com- 
prised in  the  programme,  and  the  whole  will 
have  an  aggregate  displacement  of  120,000  tons. 
It  is  stated  that  the  four  battleships  will  be 
built  in  England,  the  cruisers  in  France,  Ger- 
many and  England,  and  the  smaller  vessels  in 
Japan.  It  is  also  reported  that  the  carrying  out 
of  the  scheme  adopted  is  to  be  spread  over  ten 
years,  from  1904,  and  will  provide  only  for 
three  battleships,  three  armoured  cruisers,  and 
two  smaller  vessels. 

AUSTRIA-HUNGARY. 

The  trials  of  the  Austrian  battleship  Hapsburg, 
which  recently  took  place  at  Pola,  were  interest- 
ing, inasmuch  as  the  results  obtained  constitute, 
it  is  believed,  a  speed  record  for  vessels  of  similar 
class  and  displacement.  The  Hapsburg  is  the 
first  vessel  of  the  class  completed  by  the  Austrian 
Government,  her  sister  ships  the  Arpad  and 
Babenberg,  being  now  in  course  of  construction. 
The  following  are  the  leading  dimensions  of  the 
vessel,  machinery,  and  armament :  Displace- 
ment, 8,340  tons ;  length  between  perpendiculars, 
350  ft. ;  beam,  65  ft. ;  mean  draught,  23  ft.  3  in., 
area  of  midships  section  at  above  draught, 
1,324  square  feet.  The  propeUing  machinery*  is 
of  the  twin-screw  triple-expansion  type,  with 
inverted  engines,  having  four  cylinders  arranged 
in  manner  similar  to  those  fitted  on  board 
British  first-class  cruisers  :  High -pressure 
cylinders,  diameter,  29*9  in. ;  mean  pressure, 
43*8  in. ;  low-pressure  (2),  56*3  in.,  with  a 
imiform  stroke  of  37*4  in. ;  total  cooling  surface 
of  the  condensers,  15,000  square  feet ;  estimated 
revolutions  at  full  power,  135  per  minute; 
propellers,  four-blade  type,  16  ft.  in  diameter, 
having  mean  pitch  of  16  ft.  The  steam* 
generating  plant  consists  of  sixteen  Belleville 
boilers  of  the  economiser  type,  similar  to  those 
recently  fitted  to  the  battleships  and  cruisers 
in  oiu-  Navy,  having  a  total  heating  surface  of 
30,300  square  feet  and  grate  area  of  864  square 
feet ;  the  working  steam  pressure  at  boilers  is 
300  lbs.,  and  reduced  by  automatic  valve  to 
250  lbs.  at  main  engines.  The  total  weight  of 
machinery  complete  is  1,098  tons.     The  vessel 
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is  protected  by  means  of  an  armour  belt  for 
over  60  per  cent,  of  its  length,  the  spaces  beyond 
being  covered  by  heavy  armoured  deck ;  total 
weight  of  armour  carried,  2,250  tons.  The 
artillery  consists  of  three  24-centimetre  Krupp 
guns  40  caUbres  in  length,  twelve  15-centimetre 
quick-firing  guns  40  calibres  in  length,  and 
twenty-four  quick-firing  guns  of  smaller  calibre. 
The  coal  capacity  is  800  tons,  which,  at  a  speed 
of  12  knots,  provides  for  steaming  a  distance  of 
3,600  knots.  The  conditions  of  trial  were  that 
a  mean  power  of  at  least  11,900  horse-power 
should  be  maintained,  and  the  vessel  should  be 
propelled  at  a  mean  speed  of  i8i  knots.  The 
speed  of  the  ship  was  to  be  taken  during  the 
full-power  trial,  over  a  carefully-measured 
course  having  a  total  length  of  68  knots.  The 
actual  results  obtained  were  as  follows  :  Mean 
pressure  at  boilers,  285  lbs. ;  mean  pressure  at 
high-pressure  receivers,  224  lbs. ;  mean  revolu- 
tions, 141*47  per  minute ;  vacuum,  26  in. ; 
indicated-horse-power,  14,942  ;  mean  speed  for 
total  distance  of  68  knots,  I9'62  knots. 

ARQKNTINA. 

The  armoured  cruiser  Rivadavia,  of  the 
Garibaldi  type,  was  launched  at  Messrs.  Ansaldo's 
yard  at  Sestri  Ponente  on  October  22nd.  At 
the  ceremony,  Signor  SoHano,  of  the  Ansaldo 
firm,  stated  that  the  new  cruiser  is  not  a  copy  of 
the  Garibaldi  and  the  Cristobol  Colon,  but  a 
considerable  improvement  upon  them.  Her 
displacement  is  about  7,500  tons,  and  her  speed 
20  knots.  This  cruiser  and  another,  building 
at  the  same  yard,  were  originally  named  the 
General  Roca  and  General  Milra^  they  are  now 
to  be  named  the  Bernardino  Rivadavia  and 
Mariano  Moreno. 

SPAIN. 

A  committee  has  been  appointed  to  consider 
the  proposals  to  build  what  will  practically  be 
a  new  Spanish  fleet.  The  progranune  consists 
of  ten  battleships,  of  13,000  tons ;  six  to  ten 
cruisers,  of  3,000  tons,  six  torpedo-boat 
destroyers,  thirty  torpedo-boats,  twenty  gun- 
boats, and  some  other  vessels.  The  cost  of 
building  these  vessels  would  be  from  twenty  to 
twenty-four  million  pounds  sterling,  and  the 
cost  of  their  up-keep  would  raise  the  annual 
charge  for  the  Navy  to  between  three  and  four 


millions:  It  is  stated  that  the  cruisers  Marques 
de  la  Ensenada  and  General  Valdes  have  been 
condemned  as  ineffective,  and  are  to  be  used 
for  torpedo  practice. 

UNITKD    8TATK8. 

The  battleship  Maine  has  at  last  been  accepted 
by  the  Navy  Board,  after  a  revision  of  the 
report  of  her  trials,  when  it  was  discovered  that 
she  had  just  attained  the  desired  speed  of 
18  knots.  The  Board  state  that  the  working  of 
the  machinery,  both  main  and  auxiUary,  was 
satisfactory. 

Bids  for  the  construction  of  the  largest  battle- 
ship ever  projected  by  the  United  States  Navy 
have  been  accepted  from  the  Newport  News 
Company  with  a  bid  of  $3,990,000.  This  vessel 
will  be  named  the  Louisiana.whVie  her  sister  ship 
the  Connsclicut,  will  be  built  at  a  navy  yard. 
These  vessels  were  more  fully  described  in  our 
October  issue. 

A  dispute  which  arose  among  the  members 
of  the  Navy  Board  about  the  construction  of  the 
armoured  cruisers  of  the  Tennessee  class  has  been 
settled  by  the  decision  of  the  Board  of  Construc- 
tion to  reduce  the  weight  of  machinery  in  these 
vessels  from  2,250  tons  to  2,060  tons.  The 
speed  is  not  to  be  less  than  21*5  knots,  and  the 
h.p.  is  to  be  23,000.  The  vessels  of  this  class 
will  therefore  be  shortly  put  in  hand  when  the 
contracts  have  been  decided  upon.  It  is 
estimated  that  these  vessels  will  represent,  when 
in  commission,  an  expenditure  of  $6,000,000. 

The  annual  report  of  the  Chief  Constructor 
of  the  United  States  Navy  shows  that  the 
progress  made  upon  the  ships  in  hand  has 
been  far  from  satisfactory.  The  battleship 
Nebraska^  building  at  Seattle,  anfi  the  three 
armoured  cruisers  California,  Milwaukee,  and 
South  Dakota,  now  building  at  San  Francisco, 
have  been  delayed  by  the  non-delivery  of  steel 
consequent  upon  the  strikes.  The  battleships 
Missouri  and  Ohio,  and  the  four  monitors, 
Arkansas,  Florida,  Nevada  and  Wyoming,  have 
also  been  delayed,  chiefly  owing  to  the  inability 
of  the  contractors  to  supply  the  armour. 

The  cruiser  Des  Moines,  which  was  laanched 
from  the  yard  of  the  Fore  River  Ship  and 
Engine  Company,  Quincy,  Mass.,  on  Septeniber 
20th  of  this  year,  is  progressing  rapidly. 
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Ed.    C:    DE    SEGUNDO,    A.M.Inst.C.E. 

The  author  in  this  article  advances  the  argument  that  a  Refuse  Destructor  must  be 
looked  upon  as  a  necessary  sanitary  appliance,  and  not  as  a  money-earning  machine. 
Nevertheless,  the  combustion  heat  of  refuse  may,  within  reasonable  limits,  be  profitably 
applied  even  for  purposes  requiring  a  steady  boiler  pressure. — Editor. 


HE  disposal  of  refuse  can  be 
looked  at  in  two  ways, 
namely,  from  a  purely 
hygienic  point  of  view,  or 
from  what  might  be  termed 
a  utilitarian  point  of  view. 
As  long  ago  as  the  year 
1888  the  subject  of  refuse  disposal  in  towns  and 
cities  had  forced  itself  sufficiently  upon  the  atten- 
tion of  the  authorities  to  warrant  an  investigation 
of  the  whole  matter  by  the  Local  Government 
Board.  Colonel  Thomas  Codrington  was  in- 
structed to  report  upon  the  subject,  and  in 
the  course  of  time  presented  a  report  which 
was  not  only  highly  interesting  and  instructive, 
but  also  contained  some  valuable  information 
upon  what  has  recently  become  a  bone  of 
contention  amongst  certain  engineers,  namely, 
the  calorific  value  of  dust-bin  and  other  refuse. 
The  average  composition  of  refuse,  as  set  forth 
in  Colonel  Codrington's  report,  should  be  con- 
clusive evidence  to  any  impartial  minded  person 
that  the  only  thing  to  be  done  with  refuse  is 
to  burn  both  it  and  its  products  of  combustion  in 
such  a  way  as  to  render  it  absolutely  innocuous, 
and  no  doubt  Colonel  Codrington's  investiga- 
tions did  very  much  to  bring  into  prominence 
what  is  known  as  a  '*  Refuse  Destructor."    It  is 


not  a  very  happy  title  for  this  apparatus,  but 
in  spite  of  other  suggested  words  the  word 
"Destructor  "  seems  to  have  stuck  to  any  appa- 
ratus— the  object  of  which  is  to  destroy  refuse 
by  burning. 

BURNINQ    VBRSUS    TIPPING. 

The  investigations  of  other  engineers  have 
placed  beyond  any  doubt  that  the  crude  methods 
of  dealing  with  the  refuse  of  towns  and  cities 
amount  in  some  instances  to  culpable  negligence 
on  the  part  of  the  authorities.  Mr.  Francis 
Goodrich,  in  a  recent  article  on  this  subject, 
drew  attention  to  what  he  rightly  termed  a 
glaring  example  of  improper  refuse  disposal  in 
the  Isle  of  Wight,  near  Osborne.  It  appears 
that  about  three  miles  from  Osborne  House, 
and  literally  only  a  few  yards  from  a  road,  there 
is  a  heap  of  refuse  which  has  been  tipped  on 
this  spot  for  years  past.  In  another  article  on 
this  subject,  Mr.  Goodrich  draws  attention  to  the 
fact  that  over  eight  hundred  towns  and  villages 
in  England  and  Wales  alone,  with  populations 
of  2,000  inhabitants  and  upwards,  still  tip  their 
refuse,  and  appear  to  be  absolutely  apathetic  to 
the  risks  incurred  thereby.  On  the  outskirts  of 
a  large  and  important  town  in  Ireland  is  to  be 
found  a  heap  of  decomposing  refuse  in  such  a 
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condition  that  its  removal  would  be  not  only  a 
matter  of  considerable  difficulty,  but  would  be 
attended  by  grave  risks  both  to  those  who 
disturbed  the  matter  and  also  to  the  inhabitants 
of  the  town  in  question. 

It  would  seem,  indeed,  unnecessary  to  amplify 
instances,  although  the  researches  of  many 
careful  investigators  prove  beyond  all  possible 
doubt  that  apathy  on  the  part  of  the  authorities 
is  certainly  more  the  rule  than  the  exception. 

THK    OOMMBRCIAL    U8K    OF    DK8TRUOTOR8. 

While  it  is  beyond  dispute  that  refuse  ought 
to  be  burnt,  it  is  only  natural  that  those  respon- 
sible for  its  disposal  should  inquire  carefully 
into  the  commercial  aspect  of  the  matter  ;  and 
at  quite  an  early  stage  in  the  comparatively 
young  history  of  refuse  destructors  the  builders 
of  destructors  sought  to  utilise  the  heat  of  com- 
bustion of  the  refuse  for  some  commercial 
purpose  in  order  to  minimise  the  costs  of 
destruction. 

The  commercial  possibilities  of  the  supply  of 
electrical  energy  for  lighting  and  other  pur- 
poses soon  attracted  the  attention  of  municipal 
authorities,  and  in  many  cases  the  supply  of 
electric  energy  became  vested  in  their  hands. 
As  these  gentlemen  also  had  to  deal  with  the 
question  of  the  disposal  of  refuse,  it  was  no 
doubt  quite  a  natural  conclusion  for  them  to 
come  to,  that  if  refuse  in  being  burnt  evolved 
heat,  it  might  conveniently  be  used  for  the 
purpose  of  generating  electrical  energy. 
Naturally,  these  ideas  were  fostered  by  those 
interested  in  the  building  of  refuse  destructors, 
and  as  a  consequence  many  startUng  claims 
were  made  for  the  calorific  value  of  town 
refuse  and  for  its  steam  raising  powers.  It 
would  be  invidious  to  mention  the  names  of 
workers  in  this  field.  They  have  been  many 
and  various,  and,  unfortunately,  as  no  standard 
conditions  were  adopted  for  tests  of  evapora- 
tion of  water  in  boilers  fired  by  refuse,  the 
results  obtained  as  to  the  amount  of  water 
evaporated  from  and  at  212°  F.  have  varied 
between  quite  astonishing  limits. 

The  following  remarks  are  not  designed  to 
convey  the  opinion  that  refuse  can  never  have 
a  utiliseable  heat  value.  There  are  many 
instances  on  record  where  the  heat  liberated  by 
the  burning  of  refuse  is  utiUsed  for  a  variety  of 
purposes  which  are  more  or  less  commercially 


profitable,  and  to  that  extent  reduce  the  cost  of 
disposal.  These  purposes  are  many  and 
various,  and  no  doubt  the  instances  to  which  I 
refer  will  be  well  known  to  my  readers.  But 
the  history  of  refuse  destruction  is  replete  with 
instances  of  generaUsation  from  individual 
cases  which  has  caused  erroneous  impressions 
to  take  possession  of  the  minds  of  local 
authorities  and  others  as  to  the  extent  to  which 
refuse  may  be  relied  upon  as  a  fuel  in  the 
usually  accepted  sense  of  the  word.  For 
instance,  a  measurement  is  made  of  the  evapo- 
ration of  water  froqi  a  refuse-fired  boiler, 
extending  over  two  hours  or  twenty-four  hours, 
or  whatever  it  may  be,  the  average  steam 
pressure  during  this  period  is  worked  out, 
the  evaporation  is  reduced  to  the  equivalent 
amount  from  and  at  212  F.,  and  the  refuse  in, 
that  particular  neighbourhood  is  thereupon 
labelled  as  having  an  evaporative  power  of  so 
and  so  many  pounds  of  water  per  pound.  This 
is  misleading,  because  the  non-technical  man  is 
naturally  led  to  assume  that  if  one  pound  of 
refuse  would  evaporate  a  pound  of  water,  then 
a  ton  of  refuse  should  be  able  to  evaporate  a 
ton  of  water,  and  if  he  has  100  tons  of  refuse 
to  dispose  of  per  day,  he  concludes  that  he  can 
rely  upon  evaporating  100  tons  of  water,  which 
at  30  lbs.  per  b.h.p.  hour  should  give  him  roughly 
7,000  h.p.  hours  of  mechanical  energy  to 
apply  to  any  commercial  purpose.  He  then 
goes  on  to  work  out  that  one  b.h.p.  hour  is 
equal  to  about  ten  sixteen-candle-power  incan- 
descent lamps  burning  for  an  hour,  so  that  his 
100  tons  of  refuse  should  enable  him  to  supply 
electrical  energy  for  some  3,000  sixteen-candle- 
power  lamps  for  twenty-four  hours.  The  above 
argument  can,  however,  never  be  correct,  the 
reasons  for  which  will  become  abundantly 
evident  from  a  consideration  of  the  average 
composition  of  refuse  in  various  districts. 

OOMPOSITIdN    OF    RKFU8K. 

There  can  be  no  doubt  that  the  quality  of 
refuse  varies  considerably  in  different  parts  of 
England,  and,  indeed,  in  different  parts  of 
the  same  town  ;  for  instance,  in  residential  or 
manufacturing  districts,  ash-bin  refuse  may  con- 
tain quite  a  considerable  proportion  of  half- 
burnt  coal  or  other  combustible.  On  the  other 
hand,  in  purely  agricultural  districts,  the  refuse 
would  probably  be  of  such  a  "character  as  to 
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contain  scarcely  enough  combustible  to  burn 
itself,  much  less  to  evaporate  water  in  a  boiler. 
Moreover,  the  quality  of  the  refuse  varies  more  or 
less  in  every  locality  with  the  season  of  the  year. 

As  an  example  of  the  kind  of  material  one 
finds  in  town  refuse,  the  following  quotation 
from  Colonel  Codrington's  report  will  be  of 
interest : — 

"  These  records  are  sufficient  to  indicate  the 
varied  composition  of  refuse,  and  when  con- 
sidering the  possible  value  of  refuse  for  raising 
steam  for  any  purpose  requiring  a  steady  pres- 
sure, it  must  be  borne  in  mind  that  this  class  of 
refuse  is  not  the  only  one  that  has  to  be  dealt 
with  in  a  large  town.  For  instance,  during  one 
year  at  Leeds  the  following  *  articles'  were  dealt 
with,  in  addition  to  the  usual  ash-bin  refuse  : 

11  cows,  3  calves,  17  sheep,  4  goats,  298  pigs, 
5  turkeys,  2  carcases  of  beef,  28  quarters  of  beef, 
9  cwt.  of  pork,   10  cwt.  of  pickled  tongues, 

12  cwt.  of  herrings,  218  cwt.  of  shell  fish,  i  cwt. 
of  sugar,  285  dogs,  109  cats,  13  foxes,  i  *  sea 
serpent,'  147  mattresses,  bed  pillows,  and 
bolsters,  7  blankets,  36  pieces  of  carpet,  7 
hearth  rugs." 

Colonel  Codrington  gives  the  following  list 
as  the  standard  of  the  average  London  refuse  : — 

Ashes 52*6 

Breeze  (cinders)  288 

Soft  core  (animal  and  vegetable 

refuse  14*2 

Hard  core  (broken  pottery,  etc.)     2*9 

Coal       015 

Bones 025 

Rags      0-425 

Old  iron  0*35 

Old  metals       0025 

White  glass      0*075 

Black  glass       0225 

lOOOOO 

And  the  average  composition  of  Manchester 
refuse  is  given  as  follows  : — 

Ashes  and  excreta  in  pails      ...  64*5 

Dust  and  cinders          34*55 

Fish  and  bones 015 

Dogs,  cats,  hens,  rabbits,  etc....  005 

Boots,  rags,  hats,  paper,  etc.  ...  o  05 

Vegetable  refuse           005 

Glass,  pottery,  bricks,  etc.       ...  06 

Old  iron  and  tinware 00^ 

100  00 


Page's  Magazine 

As  an  instance  of  the  composition  and  varia- 
tion of  town  refuse  at  different  seasons  of  the 
year  the  following  analysis  of  Torquay  refuse, 
taken  from  Mr.  Henry  A.  Garrett's  able  paper 
on  this  subject,  which  was  contributed  at  the 
summer  meeting  of  the  Institution  of  Mechanical 
Engineers  two  years  ago,  is  interesting  and 
instructive : — 

Refuse  for  December  and  January  tests  con- 
sisted of — 

Per  cent 

Paper,  cardboard  boxes,  straw  pack- 
ing material  and  the  like i2'2g 

Vegetable   and  garden  refuse  im- 
pregnated with  fine  ash S^'o? 

Screenings,  cinders,  clinker,  pieces 
of  small  coal  and  the  like  ...       6*51 

Fine  ash  and  dust 2542 

Pots,  pans,  crockery,  bottles,  etc.  ...       3*17 

Rags,  bones,  etc 035 

In  December  and  January  refuse  is  usually 
admitted  to  be  of  the  best  quality  from  a  •*  fuel " 
point  of  view.  Mr.  Garrett  sampled  about  8  tons 
of  refuse  collected  in  June  with  the  following 
result : — 

Cwts.    qrs.        lbs. 

Fish  offal 3      2  ^i 

Meat  and  poultry  offal  ...  o      3  17 

Waste  bread,  cake         ...  o      i  15 

Brickbats,  stones o      2  3 

Bits  of  wood,  old  boxes. . .  o      o  23 

Old  tins,  pans,  pails       ••3      ^  9 

Bits  of  old  iron 11  o 

Pots 124 

Bottles  and  glass i      3  18 

Straw        II  8 

Waste  paper       ..          ...  3      2  17 

Vegetable  refuse 11      3  9 

Garden  prunings 4      i  o 

Bones       01  5 

Rags         o      o  17 

Bits  of  canvas      i       i  7 

Old  boots  and  shoes       ...  o      o  11 

Fine  dust 77      o  o 

Screenings           45      2  o 

Bits  of  coal          o      2  17 

Bits  of  coke         o      o  21 

A  glance  at  these  lists  is  sufficient  to  show 
that,  from  the  point  of  view  of  the  fuel,  town 
refuse  cannot  be  considered  of  very  high  grade. 
It  is,  therefore,  somewhat  difficult  to  understand 
how  such  results  as  2  lbs.  of  water  evaporated 
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per  pound  of  refuse  burnt  could  be  seriously  put 
forward  as  an  average  result  that  might  be 
relied  upon.  This  difficulty  is  accentuated  if 
one  analyses  the  distribution  of  the  heat  of  com- 
bustion of  refuse. 

ITS    HBAT    POTKNTIALITY. 

A  comparison  of  the  results  of  refuse  burnt  in 
many  districts  shows  that,  on  the  average,  refuse 
may  be  taken  to  contain  at  least  30  per  cent,  of 
moisture,  and  that  on  the  average  at  least  30  per 
cent,  consists  of  incombustible  material ;  this 
leaves  40  per  cent,  of  material  which  is  more  or 
less  combustible.  This  40  per  cent,  is  the  sole 
source  whence  heat  can  be  drawn  for  the 
purposes  of  evaporating  the  inherent  moisture, 
for  supplying  the  heat  necessary  for  raising  the 
temperature  of  the  mass  to  that  of  the  furnace, 
for  the  heat  escaping  in  the  issuing  gases,  ajid 
for  the  heat  required  for  evaporating  the  afore- 
said 2  lbs.  of  water  per  pound  of  refuse  from  and 
at  212*  F.  Assuming  that  the  temperature  of  the 
products  bf  combustion  is  1500°  F.,that  the  speci- 
fic heat  is  o'23  thermal  unit,  that  the  air  supplied 
and  the  products  of  combustion  amount  to  3*5  lbs. 
per  pound  of  refuse,  and  that  the  moisture  in 
the  refuse  carries  away  with  it  only  966  thermal 
units  per  pound,  we  find  the  following  number 
of  thermal  units  to  be  necessary  for  the  combus- 
tion of  the  refuse  and  the  evaporation  of  2  lbs  of 
water: — 

Heat  lost  in  waste  gases,  say  i  ,500  x  0*23 
thermal  units  (specific  heat  of  gases)  x 
3*5lbs 1,207 

Heat  lost  in  cHnker,  raised  to,  say, 
2,000  deg.  in  furnace  from  60  deg.— 
1940x0*2x30  per  cent 116 

Heat  lost  in  evaporation  of  moisture, 
30  per  cent,  of  966  thermal  units  ...        290 

Heat  absorbed  in  20  lbs.  water  from 
and  at  212' F 1,932 

Thermal  Units    3.545 

To  this  should  be  added  radiation  losses,  say, 
150  thermal  units,  making  a  total  of  3,545  + 
150  =  3,695  thermal  units. 

Now,  these  3,695  thermal  units  can  only  have 
been  produced  by  0*4  of  the  pound  of  refuse 
which  is  combustible,  which,  therefore,  must 
have  had  a  calorific  value  of  9,230  thermal  units 
per  pound.    This  is,  of  course,  absurd. 


It  may  be  suggested  that  the  evaporation  of 
water  above  referred  to  is  no  longer  seriously 
claimed  by  reputable  makers  of  destructor 
furnaces,  and  this  is  certainly  true  ;  at  the  same 
time,  within  the  last  few  months,  Mr.  Frank 
Broadbent,  in  an  excellent  article  which  ran 
through  several  numbers  of  the  Electrical  Review^ 
gave  a  table  of  the  results  claimed  by  many 
authorities  for  the  evaporation  achieved  by  their 
destructors,  and  the  figures  therein  quoted  show 
variations  within  fairly  wide  Umits.  This  paper 
is  a  most  interesting  and  instructive  one,  and, 
of  course,  Mr.  Broadbent  is  not  responsible  for 
the  figures  nor  for  the  means  by  which  they 
were  obtained,  and  it  is,  moreover,  impossible 
to  criticise  these  results  upon  anything  except 
general  lines,  for  the  reason  set  forth  at  the 
commencement  of  this  article,  namely,  that  up 
to  the  present  no  standard  conditions  for 
boilers  fired  by  the  combustion  of  refuse  have 
been  agreed  upon  by  the  various  authorities 
dealing  with  this  subject. 

Mr.  Dawson  gives  the  calorific  value  of  the 
combustible  constituents  of  refuse  as  follows  : — 


Coal        

Coke       

Thermal  U 
per  lb. 

-      9,344 
...       8,000 

Bones  and  offal 

-    5.344 

Breeze  and  cinder 

...    4iOoo 

Rags       

Paper,  straw,  and  the  like 

-  3,334 

-  2,534 

From  these  data  Mr.  Broadbent  compiles  a 
table  in  which  the  calorific  value  of  each  con- 
stituent of  average  quality  London  ashbin  re- 
fuse is  calculated.  He  brings  the  total  to  1,428 
thermal  units  per  lb.,  or  about  one- tenth  that  of 
good  coal ;  but  it  must  not  be  forgotten  that  on 
the  average  only  40  per  cent,  of  refuse  by  weight 
consists  of  combustible,  so  that  the  material 
which  can  produce  1,428  thermal  units  is  un- 
avoidedly  accompanied  by  one-and-a-half  times 
its  weight  of  incombustible  on  the  average. 

Working  on  similar  lines,  Mr.  Broadbent 
makes  the  calorific  value  of  Manchester  refuse 
3,100  thermal  units  per  lb.,  and  for  Torquay 
refuse  (winter)  1,480  thermal  units  per  lb. 

Now,  taking  30  per  cent,  clinker  and  30  per 
cent,  moisture  as  fair  average  conditions  for  a 
basis  of  comparison,  we  find  that  (see  above) 
1,613  thermal  units  are  accounted  for  in  the 
waste  gases,  in  heating  up  the  incombustible, 
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and  in  evaporating  the  moisture  in  the  refuse. 
In  the  case  of  Torquay  (winter  refuse),  there- 
fore, there  is  no  heat  available  for  evaporating 
v^ater  if  Mr.  Broadbent's  calculations  and  my 
assumptions  are  correct.  In  the  case  of 
Manchester  refuse,  3,100  -  1613,  or  1487  thermal 
units,  would  be  available  for  steam  raising,  being 


equivalent  to 


1487 


Tgg-=  1*54  lbs.  water  from  and  at 

2i2''F,  and  in  the  case  of  ordinary  London  ash- 
bin  refuse,  again,  there  would  not  appear  to  be 
sufficient  heat  value  to  consume  the  refuse 
itself. 

■XPBOTATION8   AND    MltOONOKPTION8. 

The  evaporative  power  of  refuse  must  of 
necessity  be  a  fluctuating  quantity  and  wholly 
unreliable,  and  all  the  improvements  in  des- 
tructors or  in  refuse  fired  boilers  will  not  alter 
matters  in  this  direction  in  the  least.  If  every 
effort  is  directed  towards  turning  the  refuse 
destructor  into  an  auxiliary  steam  producer  for 
the  town's  electricity  works,  then  the  efficiency 
of  the  destructor  qud  destructor  will  be  impaired, 
and,  conversely,  if  a  destructor  is  worked  with  a 
view  to  the  attainment  of  the  highest  degree  of 
efficiency  in  its  legitimate  sphere,  a  boiler  fired 
by  the  products  of  combustion  of  the  refuse 
will  be  wholly  unreliable  for  the  purposes  of 
supplying  steam  under  conditions  such  as  obtain 
in  an  electric  generating  station.  If  the  heat 
utilised  is  arranged  not  to  greatly  exceed  the 
minimum  heat  output  of  the  furnace  in  use  at 
any  one  time,  there  will  obviously  be  no  diffi- 
culty in  utilising  this  portion  of  the  heat  of  com- 
bustion for  purposes  requiring  a  constant  boiler 
pressure,  proper  arrangements  being  of  course 
made  for  the  utilisation  or  disposal  of  the  surplus 
steam,  so  that  the  boiler  pressure  will  not  be 
thereby  unduly  raised,  and  in  these  circumstances 
the  utilisation  of  steam  from  a  refuse  fired  boiler 
need  not  interfere  with  the  functions  of  the 
destructor  as  a  sanitary  appliance.  But  it  will 
never  be  possible  for  the  engineer  to  rely  upon 
refuse  as  a  fuel  for  steam  raising,  in  the  way 
that  many  recent  writers  would  have  us  believe. 

The  advocates  of  refuse  as  a  fuel  seem  to 
overlook  the  important  difference  between 
refuse  and  coal  or  any  other  "  fuel."  Whereas 
the  chief  characteristic  of  a  fuel  is  the  con- 
stancy of  its  component  parts,  the  very  opposite 
holds  good  in  the  case  of  refuse  ;  and  whereas. 


therefore  practically  every  pound  of  coal  in  a 
ton  may  be  reckoned  on  to  contribute  the  same 
proportion  of  heat  when  consumed  in  the 
furnace,  in  the  case  of  refuse  as  fed  into  a 
destructor  it  would  be  impossible  to  rely  upon 
two  consecutive  pounds  to  produce  even  an 
approximately  equal  amount  of  heat. 

The  conditions  under  which  so-called  deter- 
minations of  the  thermal  value  of  refuse  as 
a  fuel  have  been  made  are  really  quite  hopeless. 
Refuse  is  fed  into  the  destructor  furnace— 1 
had  almost  said — by  the  cartload  as  against  the 
shovelful  in  the  case  of  coal,  and  yet  the 
evaporation  of  a  refuse  fired  boiler  is  often 
worked  out  to  two  places  of  decimals  after  a 
trial  of  a  few  hours'  duration.  No  wonder 
people  are  led  to  take  an  exaggerated  view 
of  the  possibilities  of  refuse  ! 

If  it  should  be  desirable  to  obtain 'some 
approximately  correct  idea  of  the  average  heat 
value  of  the  refuse  collected  in  some  particular 
town  or  district — though  what  useful  purpose 
can  thereby  bie  served  it  is  difficult  to  imagine— 
careful  measurements  of  the  amount  of  refuse 
destroyed  and  of  the  water  evaporated  should 
be  taken  over  at  least  one  year,  and  then  it  is 
quite  possible  that  similar  measurements  taken 
during  the  following  year  would  show  a 
different  result.  If,  in  addition  to  these  measure- 
ments, the  boiler  pressure  be  noted  where  the 
whole  available  heat  is  used  to  evaporate  water, 
the  variations  in  pressure  would  be  such  as  to 
disabuse  the  mind  of  any  steam  user  of  any 
false  ideas  on  the  subject. 

The  proof  of  the  pudding  is  the  eating  of  it, 
says  an  old  proverb,  and  there  is  no.  instance  on 
record  of  steam  for  electric  lighting  or  power 
purposes  being  continuously  and  satisfactorily 
drawn  from  a  refuse  fired  boiler  to  the  extent 
indicated  by  the  number  of  pounds  of  refuse 
burnt  multiplied  by  the  alleged  evaporative 
power  per  pound  of  refuse. 

To  again  quote  from  Mr.  Broadbent's  excel- 
lent paper,  we  find  in  Table  V.  a  column  giving 
the  useful  Board  of  Trade  units  generated  per 
ton  of  refuse.  Rejecting  results  obtained  from 
observations  extending  over  less  than  one 
month,  and  from  plants  where  coal  is  mixed 
with  the  refuse,  the  average  works  out  to 
nearly  32  kilowatt  hours  per  ton  of  refuse 
burnt.  These  results  are  obtained  at  Accring- 
ton,  Shipley,  and  Wrexham. 
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Taking  40  pounds  o£  steam  per  kilowatt  hour 
as  a  not  too  extravagant  estimate,  32  kw.  per 
ton  of  refuse  would  correspond  to  32  x  40= 
1,280  pounds  of  water  evaporated  per  ton  of 
refuse,  or  a  little  over  half  a  pound  of  water  per 
pound  of  refuse.  This  is  accounted  for  by  the 
nature  of  the  districts  in  which  the  results  were 
obtained,  and  of  course  cannot  be  taken  as 
representative  of  the  steam -raising  power  of 
every  kind  of  refuse. 

The  foregoing  remarks  are  not  designed  to 
convey  the  view  that  the  heat  value  of  refuse 
should  be  entirely  discounted.  Heat  is  always 
heat,  however  produced,  and  it  is  well  known 
that  in  many  towns  the  steam  from  refuse  fired 
boilers  is  utilised  for  a  variety  of  purposes 
which  admit  of  intermittent  working.  In 
several  instances  the  steam,  when  available, 
is  used  for  generating  electrical  energy  for 
charging  secondary  batteries.  In  other  cases 
other  means  of  equalising  the  supply  of  and 
demand  for  steam  have  been  attempted,  e.g,y 
M.  Druitt  Halpin's  Thermal  Storage  Scheme. 
In  these  or  similar  ways  the  heat  energy  of 
refuse  can  be  turned  to  some  commercial 
purpose,  and  thus  effect  a   reduction   in  the 


cost  of  burning.  But  upon  this  subject  no 
rules  can  be  laid  down — only  an  intimate 
knowledge  of  the  requirements  of  the  districts 
and  of  the  facilities  at  hand  for  the  disposal 
of  the  article  produced  can  dictate  how  best  to 
utilise  the  heat  from  the  refuse  destructor. 

The  paramount  duly  of  a  refuse  destructor  is 
to  completely  consume  the  refuse  within  the 
least  possible  time  from  the  moment  it  is 
delivered  by  the  cart,  and  to  effect  its  destruc- 
tion in  such  a  way  that  no  stewing  of  the  refuse 
prior  to  its  discharge  into  the  furnace  takes 
place,  and  that  the  temperature  of  the  combus- 
tion chamber  is  maintained  at  a  sufficiently  high 
point  to  thoroughly  cremate  and  render 
innocuous  the  products  of  combustion.  Further, 
the  design  of  the  flues  and  of  the  chimney 
should  be  such  that  all  dust  is  deposited, 
and  that  no  solid  matter  finds  its  way 
up  the  chimney  to  be  discharged  at  its 
mouth. 

In  designing  a  destructor  furnace  to  effect 
these  three  important  functions,  neither  trouble 
nor  money  should  be  spared.  A  refuse  destructor 
must  be  looked  upon  as  a  necessary  sanitary 
appliance,  and  not  as  a  money-earning  machine. 
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STRIKING  fact  connected 
with  the  production  of 
coal  and  pig-iron  is  that, 
while  America  has  out- 
paced all  her  records,  she 
has  this  year  been  buying 
both  from  us.  It  is  also  a 
striking  fact  that  the  out- 
put of  coal  in  the  United  Kingdom  has  declined, 
although  more  persons  have  been  employed  in 
mining.  In  1901  the  decUne  was  6,134,355  tons 
on  1900,  and  the  proportions  of  the  decrease 
wfere  3*68  per  cent,  in  England,  0*95  per  cent, 
in  Scotland,  and  0*21  per  cent,  in  Wales.  There 
were  839,178  persons  employed  in  the  mines, 
as  against  814,517  in  1900  ;  but  the  output  was 
only  357  tons  per  person  employed  underground, 
as  compared  with  382  tons  in  1900. 


AQB8. 


This  serious  decrease  in  productive  industry 
of  25  tons  per  man  is  attributable  to  shorter 
hours  and  fewer  working  days.  When  wages 
are  high,  miners  can,  and  do,  take  frequent 
holidays.  In  any  case,  the  average  annual 
production  of  the  British  miner  compares 
badly  with  that  of  the  American,  which  is 
about  550  tons  per  man.  The  difference  is  a 
very  serious  one,  and  is,  ^c  believe,  due  more 
to  the  longer  working  week  and  fewer  holidays 
in  America  than  to  the  use  of  coal-cutting 
machinery  in  the  mmes  there,  although  that  is, 
no  doubt,  an  important  item.  .\s  to  the  smaller 
number  of  hours  worked  in  the  British  pits 
during  1901,  it  is  but  fair  to  add  that  this  was 
to  some  extent  the  result  of  taking  on   again 


reservists  and  militia  men  returning  from  active 
service.  They  were  put  on  the  books,  but  as 
trade  was  declininig,  many  of  the  pits  were  over 
supplied  with  labour,  and  had  to  choose  between 
running  short  days  and  paying  off  men. 

THK    U8K    OF    COAL-CUTTINQ    MACHINKRV. 

As  to  the  use  of  machinery,  it  may  be  noted 
here  that  American  records  show  that  ten  years 
ago  each  man  in  the  bituminous  mines  turned 
out  2*56  tons  per  day,  and  now  produces  2*98  tons. 
This  is  called  an  increase  of  118  tons  per 
annum  per  miner.  In  the  anthracite  mines  the 
daily  production  in  the  same  time  has  increased 
from  1*85  tons  to  24  tons.  This  is  claimed 
as  being  due  to  the  application  of  improved 
mechanical  appliances  ;  but  there  were  doubt- 
less some  other  influences  at  work  as  well. 
There  was,  everywhere,  considerably  less  demand 
for  coal  in  1901  than  in  1900,  except  in  America, 
where  an  increase  of  20,000,000  tons  in  the 
output  was  readily  absorbed.  Our  exports  fell 
off  by  2\  million  tons,  and  the  consumption  in 
the  British  blast  furnaces  was  2  J  million  tons  less 
than  in  the  previous  year,  although  the  price  for 
the  year  averaged  is.  5d.  per  ton  lower. 

THK  PRODUCTION  OF  ANTHRACITB  COAL. 

As  a  good  deal  of  surprise  was  caused  in 
September  and  October  last  by  the  receipt  of 
orders  from  the  United  States  for  cargoes  of 
anthracite  coal  to  be  shipped  from  Wales 
and  Scotland,  it  may  be  explained  that  this 
quality  of  coal  is  regularly  raised  in  both 
countries.  The  Welsh  anthracite  more  nearly 
resembles  American  in  character  than  does  the 
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Scotch,  which  latter  is  a  hard  and  smokeless 
coal,  mostly  used  in  the  furnaces  of  steam 
yachts  and  the  like.  There  is  also  a  small 
quantity  of  anthracite  produced  in  Ireland. 
The  following  shows  the 

OUTPUT    OF    ANTHRACITK     IN    THK    UNITKD 
KINQDOM. 

Wales—  Tons. 

Brecon ...  393.677 

Carmarthen       ^.555 

Glamorgan        923,644 

Pembroke         42,190 

Scotland 224,780 

Ireland  86,616 


■NQLI8H    OUTPUT,    1901    (MINKS). 


Total  in  1901         2,565^^2 

1900        ^2,523,I5o 

These  figures,  shown  here  separately  for  their 
special  interest,  are  included  in  the  official 
returns  of  the  entire  output  of  coal  in  the 
country,  and  the  output  in  1901  was  : — 

TOTAL    OUTPUT    IN    1901.« 


Tons. 

Increase  or  decrease 
on  previous  year. 

England 

.     153,460,284 

-5,865,118 

Wales 

..      32,686,832 

+       67,837 

Scotland 

..      32,796,800 

—    315404 

Ireland 

103,029 

—      21,670 

Total,   1901    219,046,945  —6,134,355 

„      1900    225,181,300  +5,086,519 

Here,  then,  we  find  a  decrease  of  6,134,355 
tons,  as  compared  with  a  previous  increase  of 
5,086,519,  say  a  practical  falling  off  of  about 
1 1  million  tons.  It  must  cause  some  surprise  to^ 
find  Scotland  recorded  as  a  larger  coal  pro- 
ducer than  Wales,  but  in  the  above  table  the 
output  of  the  Monmouthshire  pits  is  credited 
to  England,  not  to  the  PrincipaHty.  The  out- 
put for  Wales  per  county  was  : — 

WKL8H    OUTPUT,    1901    CMINK8). 

County.  Tons. 

Brecon       442,194 

Carmarthen           1,417,427 

Denbigh 2,398,776 

Flint          677,203 

Glamorgan           27,708,841 

Pembroke             42,190 


Total         ...     32,686,631 
But  if  we  add  the  Monmouthshire  production, 
the  output  of  the  Welsh  coalfields  would  be 
over  42  million  tons.     The  followin.ii  is  the — 

•  These  figures  include  the  small  quantities  produced 
from  open  quarries  (9,705  tons  in  1901  and  11,137  tons  in 
1900)  omitted  from  subsequent  tables. 


County. 

Tons. 

Cheshire    ... 

570,216 

Cumberland 

...    .     ...      2,108,360 

Derby 

14,907,344 

Durham     ... 

33,954,438 

Gloucester... 

i,524,9«i 

Lancashire 

23,690,503 

Leicester 

2,011,350 

Monmouthshire   . 

9,598407 

Northumberland . 

11.272,005 

Nottingham 

8,198,267 

Salop 

7>+,85H 

Somersetshire 

928,539 

Staffordshire 

13,122,272 

Warwick  ... 

3,099,^63 

Westmorland 

898 

Worcester... 

735,800 

Yorkshire  ... 

26,972,969 

Total         ...   153,451,070 

It  will  be  seen  that  the  output  of  Durham 
alone  exceeds  both  that  of  all  Wales  and  all 
Scotland.     Tl)e  following  is  the 

SCOTCH  OUTPUT,  1901. 


County. 

Tons. 

Argyllshire  and  Dumfries 

127,939 

Ayrshire     

...      4,046,278 

Clackmannan 

429,836 

Dumbarton     •      

501,139 

Edinburgh            

1,364,399 

Fife            

...      5,601,501 

Haddington          

467,225 

Kinross       

22,528 

Lanark        

...    16,603,230 

Linlithgow... 

.      1,316,570 

Peebles       

900 

Renfrew     

2,346 

Stirling       

...      2,306,880 

Sutherland 

5,7.39 

Total        ...    32,796,510 

More  than  half  the  output  of  Scotland  is  from 
one  county,  Lanarkshire.  But  the  output  .  of 
Durham  and  Northumberland  is  far  away  ahead 
of  all  the  coalfields.  The  number  of  men  em- 
ployed, the  average  output  per  underground 
worker,  and  the  average  price  at  the  pit's  mouth 
are  as  follows  : — 


Xo.  of  men 
employed. 

Output 

per  miner. 

Ton?. 

Average 

price, 
s.     d. 

Durham        

113,934 

393 

8     (.1 

Northumberland     . . . 

41,145 

345 

<)   10 

.\U  England 

561,363 

352 

<)    li 

AVales          

128,783 

303 

n  Hi 

Scotland       

101,569 

405 

7  loi 

All  United  Kingdom 

792.648 

350 

:9    4i 
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The  next  thing  to  consider  is  what  has  become 
of  all  the  coal,  and  the  answer,  unfortunately,  is 
that  the  greater  portion  of  it  was  Wasted,  io  so 
far  as  effective  power  is  concerned.  About  one- 
tenth  of  our  output  goes  into  domestic  use,  but 
not  .more  than  i  per  cent,  of  that  proportion  is 
consumed  beneficially.  Of  what  is  consumed 
industrially,  probably  not  more  than  ten  per 
cent,  of  the  theoretical  power  is  actually 
obtained.  But  as  to  distribution,  it  has  been 
as  follows  during  the  last  ten  years  :— 


Year. 

1892  . 

1893  . 
1894 
1895 
1896. 

1897. 

1898  . 

1899  . 

1900  . 

1901  . 


Output. 
TonJ». 

.  181,786,871 

•  164,325,795 
188,277,525 

•  189,661,362 
195.361,260 
202,129,931 
202,054,516 
220,094,781 
225,181,300 
219,046,945 


ExDorted. 
Tons. 

39,380,756 

37488,070 

42,687,430 

42.907,302 

44,586,811 

48,128,464 

48,266,699 

55,810,024 

58,405,087 

57,783,076 


Consumed  at 

home. 
142406,115 
126,837,725 
145,590,095 
146,754,060 

150,774449 
154,001,467 

153,787,817 
164,284,757 
166,776,213 
161,263,869 


Consump- 
tion per 
head. 
Tons. 

3737 
3300 

3755 

3752 
3820 
3867 
3826 
4051 

4*075 
3*882 


In  the  exports  we  have  included  the  quantities 
supplied  to  the  bunkers  of  steamers  engaged  in 
the  foreign  trade  ;  as  also  coke  in  the  propor- 
tion of  100  tons  of  coal  for  every  60  tons  of  coke 
shipped,  and  patent  fuel  in  the  proportion  of 
90  per  cent,  of  coal  in  every  ton  of  fuel  shipped. 
The  amount  of  bunker  coal  supplied  to  British 
and  foreign  steamers  in  the  foreign  trade  in  the 
ten  years  has  been : — 


BUNKBR  GOAL    8HIPPKD. 


Year. 
1892 
1893 
1894 
1895 
180 
1897 
I89^* 

l8Qt) 

igoo 
1901 


Tons. 

8,600,129 

8,126,372 

9,294,461 

9,407,780 

9.937,305 

10455,758 

II,2<14,204 

I2,22^>,801 

11,752,316 

1308^,833 


As  regards  the  decrease  in  the  consumption 
last  year  it  was  explained  partly  by  the 
long  continuance  of  hot  weather,  but  mainly 
by  the  reduced  activity  in  the  iron  indus- 
tries. The  average  price  at  the  pit  head 
and  in  London  has  thus  varied  during  the  ten 
years  : — 


AVKRAQK    PRICK    AT    PIT    HEAD    AND    IN 

Year. 


England. 
s.    d. 


1892 

1893 
1894 

1895 
1896 

1897 
1898 
1899 
1900 
I901 


7 
6 
6 
5 
5 
5 
6 

7 
10 

9 


Wales. 

s.    d. 

8  10 

7  8 
6 
2 
9 
7 
10 

9 
o 


Scotland, 
s.    d. 


7 
7 
6 
6 
6 

7 
12 
II  II 


10  10 
7  II 


In  UndK 
Mstet 

1.   d. 

17  '7 

19 

16 

14 

14 

»5 
16 
18 
22 
19 


It  will  be  seen  that  not  by  any  means  the  whole 
of  the  great  haul  of  the  "  famine  "  year,  1900, 
was  lost  last  year. 

The  distribution  of  the  output  by  water  1^ 
year  was  lower  in  comparison  with  1900  : — 


8HIPPKO   BY   WATBR, 


Coastwise- 
Coal 
Coke 
Patent  Fuel 


1900. 
Tons 


17,923,884 

71,180 

1,874 


17.996,938 


xqoi. 
Tons. 


17.895.546 

66,859 

305 

17,962,710 


Foreign  and  Colonial — 


Coal 

44,089,197 

41.877,081 

Coke 

985,365 

807,671 

Patent  Fu^I 

1,023,666 

1,081,160 

46,098,228 


To  the    bunkers  of 
steamers    in    the    11,752,316 
foreign  trade 


43.76>9I2 


13,586,833 


The  largest  consumption  of  coal  is  in  the 
iron  industry ;  but  before  we  go  on  to  that  it  will 
be  of  interest  to  show  the  consumption  for 
locomotive  purposes  on  the  various  railways. 
The  records  only  go  back  to  1897  : — 


RAILWAY   CONSUMPTION    OP  0<MUU 


Year. 

1807 
1898 
1899 
IQOO 

iqoi 


England 

aiKi  Wales. 

Tons^ 

7420.659 

7,1)89,04^ 
8.(W4,289 
9,ogo,ii8 
8,021,178 


United 

fOngdom 

Tons. 

•9,576,254 

9.97i.**»3 

10.666,141 

11,107.122 

1,754,680        347»035       11,022,^^3 


IRON  ORB. 


Scotland. 

Ireland. 

Tons, 

Tons. 

1,573,^2 

272,913 

1.670,563 

311,308 

1.763,154 

298,698 

1,779,608 

327u^Q6 

Turning  to  iron  ore  we  find  a  decrease  both 
in  the  output  and  in  the  imports,  sufficiently 
indicative  of  a  decline  in  the  iron  trade.    The 
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chief  producing  districts  are  Cleveland  and 
Njrtli  Yorkshire,  Lincolnshire,  Northampton- 
shire, and  Leicestershire,  Cumberland,  and 
North  Lancashire,  Scotland  and  Ireland.  The 
richest  ore  is  the  hematite  produced  by  the 
Cumberland  and  Lancashire  mines,  which 
averages  over  50  per  cent,  of  metal  per  ton  of 
ore  ;  the  Cleveland  ore  averages  about  30  per 
cent.  ;  and  the  Midland  ores  average  about  33 
per  cent.    The  following  is  a  statement  of  the 


OUTPUT    OF 

IRON    ORB    IN 

QRKAT     BRIT 

AIN    FOR 

THK    YEAR 

1901. 

District. 

Output. 
Tons. 

Decrease  on 

previous  year. 

Tons. 

Percentage 
of  total. 

Scotland     ... 

759,373 

89,658 

0-2 

Cuinberland  &  Lane.   1,559,447 

174,344 

127 

Cleveland  ... 

...  5.100,823 

392,910 

41-6 

SUfford      ... 

...    825,965 

258,832 

07 

Lincoln 

...     1,494  474 

430,424 

i8-2 

Xorthampton 

...     1,485,084 

137,455 

I2-I 

Other  counties 

969,500 

250,278 

7-9 

Ireland 

80.532 

19,109 

06 

Totals 

...   12,275,198 

1,753,010 

1000 

The  decrease  in  1901  is  equal  to  12^  per  cent, 
on  the  output  of  1900.  From  this  quantity  of 
home  ore  4,091,908  tons  of  pig-iron  were 
smelted  in  1901,  as  compared  with  4,666,942 
tons  in  1900.  To  come  down  to  counties,  the 
following  was  the 

■NQLI8H    OUTPUT   OF    IRON    ORB. 


County. 

Tons. 

Cumberland         

1,009,911 

Derby         

2,536 

Devon        

225 

Durham      

19,503 

Gloucester 

9,769 

Lancashire 

549,536 

Leicester 

593,908 

Lincoln       

..      1,494,474 

Monmouth 

10.733 

Northampton        

..      i,4«5,o84 

Oxford  and  Rutland 

230,011 

Salop          

25,586 

Somerset 

411 

Stafford      

..        825,965 

Warwick 

7,267 

Wiltshire 

7.076 

Worcester 

4,882 

Yorkshire  (Cleveland,  etc.) 

••     5,150,656 

Total 


11,427533 


Wales  and   Ireland  are  both  too  trifling  to 
enumerate,  but  the  following  was  the — 


SCOTCH    OUTPUT   OF    IRON    ORE. 

County.  Tons. 

Ayrshire     306,436 


Dumbarton 

Edinburgh... 

Fifeshire     . . . 

Lanarkshire 

Linlithgow 

Renfrew     ... 

Stirling 


Total 


53,246 
29,006 

31,737 
153.308 

53,915 

125,553 

0,172 

— , 

759,373 


To  make  up  for  the  smallness  of  our  deposits 
of  hematite  ore  we  have  to  import  ore  for  steel- 
making  iron.  It  remains  to  be  seen  how  the 
new  process  of  obtaining  steel-making  iron  from 
ordinary  ore  will  stimulate  the  output  of  ore  in 
Cleveland.  But  last  year  even  our  imports  of 
foreign  ore  declined,  although  in  1900  so  much 
effort  was  exerted  to  beat  up  new  sources  of 
supply.  In  the  following  table  we  show  the 
quantities  received  from  our  several  suppliers 
in  1900  and  1901  : — 

IMPORT8    OF    IRON    ORB. 


From 

u)oa 
Tons. 

1901. 

Tons. 

Algeria 

141,624 

189,014 

Australia 

5,313 

6,375 

Canada 

4 

3,124 

France 

48,165 

44,930 

Greece 

...     304.648 

303,835 

Holland 

9,414 

13,670 

Italy  (Elba)     ... 

88,532 

70,362 

Newfoundland 

13,234 

35,576 

New  Zealand... 

28 

— 

Portugal 

11,738 

20,040 

Spain 

-.     5o5i,559 

4.749,933 

Sweden 

98,055 

87,575 

Turkey 

8,061 

7,627 

Other  countries 

17,588 

16,827 

Total        ...    6,297,03  5,548,888 

It  is  still  a  case  of  Spain  first  and  the  rest 
nowhere,  even  though  the  readily  available 
supplies  of  the  best  Spanish  ore  are  nearing 
exhaustion;  but  great  things  are  expected  of 
Sweden  in  the  near  future.  And  we  have 
always  Newfoundland  and  Nova  Scotia  to 
resort  to  for  ore  for  basic  iron,  for  the  pro- 
duction of  which,  on  a  large  scale,  our  smelters 
will  have  to  adapt  their  furnaces. 

THK    BRITISH    OUTPUT; 

This  brings  us  to  the  consideration  of  our 
own  output  of  pig-iron  in  respect  of  the 
supplies  of  coal  and  ore  revealed.  Of  the 
quantity  of  native  ore  produced,  3,955  tons 
were  exported ;  and,  of  the  quantity  of  foreign 


47 


Digitized  by 


Google 


690 


Page's  Magazine. 


ore  imported,  8,127  tons  were  exported.  TJhe 
amount  available  for  home  use  was  reduced 
by  the  sum  o£  these  quantities,  but  a  further 
quantity  of  material  was  available  for  the  furnaces 
in  the  shape  of  purple  ore  from  the  cupreous 
pyrites  imported.  From  these  materials  we 
work  up  the  actual  quantity  of  iron-making 
material  last  year  as  follows  : —        ^- 

IRON    ORB    AVAILABLC    IN    UNITRD    KINQ^M,   1901 

'Tons. 

Quantity  of  ore  produced  at  home        i^tl75.i9^ 

Quantity  imported 5^8,888 

Purple  ore,  from  cupreous  pyrites  490,108 

Total "18,314,274 

Deduct— British  and  foreign 

ore  exported     ...  12,082 

Net  quantity  available  for  consump- 
tion,  apart  from  mill  and  forge 

cinders 18,302,192 

•    (This  quantity  compares  with  20.882,244  tons  in  1900.) 

In  addition,  there  were  962,784  tons  of 
cinders,  etc.,  used  in  some  of  the  furnaces,  so  that 
the  total  quantity  of  smelting  material  available 
was  19,264,276  tons.  In  smelting  this,  16,273.527 
tons  of  coal  were  consumed,  and  the  product  was 
7,928,647  tons  of  pig-iron.  In  1900  8,959,691  tons 
of  pig-iron  were  smelted  from  22,100,774  tons 
of  material  with  18,742,022  tons  of  coal.  The 
following  shows  the  distribution  of  make  :— 


England 

Wales 

Scotland 

Total,  1901 
„     1900 


Furnaces 
built. 

443 

43 

101 

604 


Furnaces 
at  work. 

82H 


403  iHs 


Pig-iron 
made. 
Tons. 

6,297,868 

494,3«3 

1.136,30 

7,928,647 
«,959,^9i 


Now  we  will  analyse  the  English  output  by 
districts  and  qualities  thus  : — 

OUTPUT   OF    PIG-IRON    IN    KNQLAND,    190I. 


Ordinary 

Spiecelelsen, 

Ferro- 

Manganese. 

etc. 

County. 

Hematite. 

and 
Basic 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

Cumberland     ... 

748451 

2,423 

39,215 

790,089 

Derby  and  Notts 

— 

457,519 

— 

457,519 

Durham 

436,c>86 

499,766 

24,281 

9^1,033 

Lancaster 

524.«o6 

49,659 

68,028 

642,493 

Leicester      and 

Lincoln 

— 

321,969 

— 

321,96*; 

Monmouth  and 

Flint 

134,280 

34,555 

36,834 

205.661; 

Northampton  ... 

36,000 

170,101 

— 

206,101 

Salop * 

— 

40,6^)0 

— 

40,660 

North  Stafford 

— 

225,388 

— 

225,388 

South  Stafford 

— * 

283,773 

— 

'  2i^3-775 

Wits  and 

Worcester 

— 

57,086 

— 

57,086 

York,  North  ... 

579,923 

1,222,924 

56,236 

1,859,083 

.,       N.W\  ... 

— 

247,005 

— 

247,005 

-  The  Welsh  production  was  all  in  Glamorgan- 
shire and  Denbighshire,  and  consisted  of 
468405  tons  of  haematite  and  25,978  tons  ot 
ordinary  and  basic,  in  all  494,3^3  ^^^^  ^^^ 
following  was  the 


OUTPUT    OF 

County. 

Ayrshire 
Lanarkshire  and 
Stirling 

Total   ...      '  ... 


PIQ-IRON 

Hemati  e. 

Tons. 

140,303 

445,666 
5^*5,9^ 


IN    SCOTLAND,    1901. 

Ordinao'    Spiegetcisen.    j^^ 
and  Bisic.        c^c 
Tons.  Ton^.  ToBi. 

184,657  —  324*/": 


358,090 
542.747 


7,680         81  uv 
7,680       1,136,3' 


Taking  the  same  ten  years  with  which  we 
have  dealt*  above,  we  now  summarise  the  pig- 
iron  industry  thus : —      ^ 


SUMMARY  VIKW   OF    BRITISH    FIQ-IRON 

Year. 


Furnaces 
in  blast. 


1892 
1893 
1894 
1895 
i8q6 

1897 
1898 
1899 
itX>o 

1<X)I 


362 
327 
325 
344 
373 
^80 

37H 
411 

403 
336 


Piji-lron 

made. 

Ton?. 
6,709,255 
6,976,990 
7,437,242 

7,703,459 
8,659,681 
8,796,465 
8,609,719 
9,421,435 
8,959,691 
7,928.647 


Ore 
smelted. 

Tons. 
16,344.454 
16,620,653 
17.803.998 

18,629,337 
21,204,284 
21,327,013 
20,958,167 
22,820,302 

22.100,774 
19,264.976 


iNDumrr. 

Coil  used. 

Tons. 
13,860,:^! 
i3,8o6,7:> 
14.884^<^ 
15,2:145': 
17,1143;^ 
17v^>24.V 
17.104?' 
19,061,51!' 
18,742.02: 
16,273.5-': 


Total 


2,460,446     3,612,828       224,5()4      6,21)7,868 


Thus  1899  was  the  record  year  everywhere. 
An  idea  of  how  production  has  been  facilitated 
by  enlargement  of  furnaces,  etc.,  may  be 
gathered  from  the  fact  that  in  1873  it  took  6J^3 
furnaces  to  produce  6,566,451  tons  of  pig-iron 
from  16,820,035  tons  of  ore  with  16,718,532  tons 
of  coal.  It  takes  between  2  and  2^^  tons  of  coal 
to  smelt  every  ton  of  pig-iron  now  produced,  and 
the  tendency  seems  to  be  to  increase  in  fuel 
consumption  as  lower  grades  of  ore  are  used. 

To  conclude  this  statistical  review  we  now 
show  the  total  quantity  of  pig-iron  available  for 
consumption  here  last  year,  in  addition,  of 
course,  to  the  stocks  : — 

SUMMARY    POSITION    OF    PIG-IRON,    1901. 

loo* 

Produced  from  British  and  foreign  ore            ..     7,93?*/m: 
Exported i^yii^- 

Total  British  make 7,*^M''5 

Plus  American  and  other  pig-iron  imported  ...        iQ54<^' 

Total  pig-iron  for  British  consimiption  ,.      7,2^4!*:+ 

This  is  less  than  half  the  output  of  pig-iron 
in  the  United  States  last  year,  nearly  all  vt 
which  was  consumed  in  America. 
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In  a  previous  number  of  this 
Magazine  reference  was  made  to 
the  important  extension  in  pro- 
gress and  in  contemplation  of 
the  use  of  liquid-fuel  in  locomotives.     There 
seems  to  be  little  doubt  that'  this  will  prove  a 
prominent    factor    in    the    future    of    railway 
economics.    To  what  extent  its  influence  will 
prove  operative  must  of  necessity  depend  largely 
upon  the  feasibleness  of  cheapening  the  present 
cost  of  delivery  of  the  fuel.    The  entrance  of 
fresh  and  cheaper  sources  of  supply  in  the  case 
of  the  Texas  mineral  oils  has  made  possible  the 
extended  use  of  this  fuel.     It  must  be  remem- 
bered that  when  Mr.  James  Holden,  the  very 
able  and  progressive  chief  mechanical  engineer 
of    the    Great    Eastern    Railway,    devised  his 
admirable  combination  system  for  that  line,  his 
primary  object  was  the  destruction  of  trouble- 
some refuse.    The  tar  resulting  from  the  pro- 
duction both  of  coal  gas  and  oil  gas  at  the  Com- 
pany's works  had  to  be  got  rid  of.     It  had  been 
discharged  into  the  nearest  stream  until  the  local 
authorities  raised  objections   to   the   powerful 
odour,  refusing  to  be  molUfied  by  the  prismatic 
colouration  of  the  surface.     The  only  alternative 
course  appeared  to  be  its  consumption  in  a  de- 
structor, but  an  experiment  with  a  stationary 
engine  proved  its  capabilities  as  a  fuel  used  in  the 
generation  of  steam.     But  this  refuse  tar  could 
not  profitably  be  burned  in  engines  fitted  up  Hke 
the  Russian  and  American  oil-burning  locomo- 
tives   for   the  consumption  of    low-flash-point 
mineral  oils.     It  had  to  be  used  in  combination 
with  solid  fuel,  and  this  necessity  proved  the 
mother  of  Mr.  Holden's  ingenious  invention. 


Llquld^fuel 

Supplies  and 

Carriage. 


But  the  outcome  has  been  that 
instead  of  having  engines  of 
special  construction  which  can 
only  be  used  with  their  par- 
ticular brand  of  liquid-fuel,  we  have  a  class  that 
can  work  equally  well  with  coal,  and  which,  in 
the  almost  impossible  event  of  a  total  stoppage 
of  liquid-fuel  supplies,  can  be  run  just  as  well 
with  solid  fuel  like  the  Company's  other  engines  : 
the  particular  apparatus  fitted  for  the  use  of 
liquid-fuel  in  conjunction  with  solid  would  offer 
no  obstacle  to  the  exclusive  use  of  coal.  It  is 
this  special  feature  of  the  Holden  method  which 
has  brought  it  into  such  large  use  on  the  railway 
which  was  the  scene  of  its  original  adoption,  and 
which  is  now  opening  out  such  large  prospects 
of  extension.  For  some  years  past  it  has  been 
evident  that,  given  the  necessary  supplies  of 
liquid-fuel  at  a  practicable  cost,  the  system  must 
spread  far  and  wide.  Even  if  liquid- fuel  cost 
somewhat  more  than  coal,  there  would  be  large 
advantages  in  its  employment  owing  to  its 
possessing  the  merits  of  simplicity,  cleanliness 
and  saving  of  wear  and  tear.  It  has  been  tried 
experimentally  on  several  English  railways,  and 
is  understood  to  have  been  virtually  adopted  by 
several  of  their  number.  It  is  no  secret  that  in 
more  than  one  case  it  would  have  been  in  use 
long  ago  had  there  been  any  reasonable  prospect 
that  the  needful  fuel  could  be  obtained  at  a 
practical  cost.  But  the  chief  mechanical  engi- 
neer of  one  line,  who  was  very  anxious  to  adopt 
it,  on  making  prehrninary  inquiries,  found  that 
all  the  available  supplies  in  his  neighbourhood 
had  already  been  secured  in  advance  by  the 
Great  Eastern.     It  has  been  the  cheapening  and 
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extension  of  the  fuel  supplies  by  the  Texas  oils 
coming  upon  the  market  which  has  made  it 
possible  for  other  lines  to  bring  the  system  into 
use;  and  present  appearances  point  to  consider- 
able further  cheapening  when  the  methods  of 
shipment  and  over-sea  conveyance  shall  be 
brought  more  thoroughly  up-to-date  than  at 
])resent.  So  far,  the  provisions  for  shipment  are 
of  a  somewhat  primitive  character — a  rather 
surprising  fact  when  one  remembers  that  the 
locality  is  America ;  also  the  steamers  used  for 
the  trans-oceanic  carriage  are  relatively  small 
and  by  no  means  up  to  modem  requirements. 


Far  larger  vessels  are,  however,  in  course  of 
construction,  and  it  may  reasonably  be  antici 
pated  that  a  comparatively  short  period  will 
witness  very  material  saving  in  the  cost  ot 
production  and  conveyance,  bringing  about  pro- 
portional cheapening  in  the  cost  of  the  oil  on 
delivery.  But  even  in  existing  circumstances 
the  system  is  understood  to  have  been  adopted, 
not  only  by  the  North^Eastem,  the  London, 
Brighton  and  South  Coast,  and  the  South- Eastern 
and  Chatham  Railways  of  England,  but  also  by 
the  Paris,  Lyons  and  Mediteiranean  and  other 
Continental  lines. 


By  the  courtesy  of  Mr.  W.  F.  Petti  grew. 

LIQUID   FUEL  LOCOMOTIVE    USED  ON   THE   FURNESS  RAILWAY. 

This  Tank  Engine,  fitted  for  burning  liquid  fuel,  was  built  in  1867  by  Messi^  Sharp,  Stewart  and  Co.  for 
the  )Fumess  Railway,  and  is  used  chietly  to  assist  in  banking  goods  and  mineral  trains  between  Plumptoo 
and  Lindal,  a  distance  of  about  3 J  miles,  with  a  gradient  at  some  points  of  i  in  76;  also  between  Askam  and 
Linda],  a  distance  of  5J  miles,  and  gradients  in  i  in  63.  The  cylinders  are  i8  in.  diameter,  with  a  24-in. 
piston  stroke.  The  coupled  wheels  are  4  ft.  7.J  in.  in  diameter.  The  broiler  is  4ft.  2  in.  in  diameter,  and 
its  barrel  is  10  ft.  6  in.  long.  The  length  of  the  firebox  casing  is  5ft.  6  in.,  giving  a  grate  area  of  15*6 
square  feet,  the  tube-heating  surface  being  1,016  square  feet,  and  that  of  the  firebox  95  square  feet,  making 
a  total  of  I, III  square  feet.  The  working  pressure  is  140  lbs.  per  square  inch.  The  water  tanks  have  a 
capacity  of  i,ood  gallons,  and  the  liquid  fuel  tank  of  220  gallons.  The  total  weight  of  the  engine  in 
working  order  is  44  tons  14  cwt. 
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Probable  effect  I*  Js  manifest  that  if  these  expec- 
on  tations   be   realised,    the   effect 

must  be  tantamount  to  some- 
thing very  like  a  revolution  in 
railway  economics.  For  one  thing,  as  has  been 
ab-eady  remarked,  there  will  be  less  wear  and 
tear,  owing  to  the  superior  cleanliness  and 
freedom  from  dust,  and  to  the  diminished  labour 
placed  upon  the  firemen — also,  perhaps,  through 
the  simplifying  of  the  duties  of  both  driver  and 
fireman,  which  may  avert  a  good  deal  of  the 
distraction  of  attention  from  signals,  etc.,  which 
is  almost  inseparable  from  the  onerous  character 
of  their  present  duties.  But  beyond  this,  it 
will  in  a  material  measure  eliminate  from  railway 
finance  the  disturbing  element  of  coal  prices. 
A  large  quantity  of  coal  would  of  course  still  be 
required,  even  if  Mr.  Holden's  system  came  into 
universal  adoption.  But  the  quantity  required 
would  steadily  decrease,  and  in  view  alike  of  the 
gradual  exhaustion  of  our  British  coal  supplies 
and  the  prevalent  tendency  to  increase  in  price, 
this  cannot  fail  to  prove  a  matter  of  substantial 
importance. 

One  hears  so  much  nowadays  of 

The  Clamour      the  possibilities  and  probabiHties 

Electric  Traction,  oi  electric   traction,   that  it  is 

curious  to  reflect  how  very  little 
is  really  known  on  this  subject.  *'  Electrification 
of  our  railway's  "  is  spoken  of  with  a  cheerful  and 
free-and-easy  confidence  as  if  every  difficulty  in 
the  way  of  this  change  had  been  completely 
grappled  with  and  thoroughly  overcome.  Yet 
it  would  be  much  more  accurate  to  say  that 
electric  traction,  as  applied  to  railways,  is  still 
in  its  very  tender  infancy.  That  it  can  be  and 
has  been  applied  with  much  success — and  a  few 
mishaps — to  urban  and  suburban  railway  work- 
ing, albeit  to  a  strictly  limited  extent,  is  of  course 
quite  true.  That  its  use  in  thes3  phases  of 
railway  work  will  rapidly  and  steadily  increase 
is  also  virtually  certain.  But  even  allowing  the 
widest  scope  of  possibiUty  on  the  basis  at  present 
existing,  it  must  be  candidly  admitted  by  all  who 
are  thoroughly  conversant  with  the  necessities 
of  the  case  and  the  obstacles  to  be  overcome,  that 
a  very  great  deal  more  has  still  to  be  achieved 
before  any  sane  management  could  prudently 


recommend   the   complete   electrification   of   a 
great  railway  system.     Not  many  months  ago 
the  question  was  directly  raised  as  to  whether 
the  terrible  overcrowding  and  perpetual  blockade 
of  one  of  London's  most  important  suburban 
railways  might  not  be  remedied  by  the  adoption 
of  electricity  as  the  motive  power.    The  matter 
was  most  carefully  considered  by  the  engineering 
department,  which  was  inclined  to  be  favourable 
to  the  change  if  proved  feasible.     But  the  lowest 
estimate  of  the  cost  involved  the  expenditure 
of  at  least  a  milUon  and  a  half  sterling,  which 
could  by  no  possibility  earn  any  extra  revenue. 
With  this  huge  financial  obstacle  on  the  threshold 
of  conversion,   even  in  the  case  of  the  mere 
suburban  section  of  a  leading  line,  it  is  manifest 
that  were  the  field  of  operations  to  be  one  of  the 
vast  main  line  systems,  such  as  that  of  the  Great 
Western,  London  and  North-Western,  or  Mid- 
land, the  financial  probabiHty  would  become  one 
of   gigantic  dimension  ;    thus,  before  even  the 
idea  could  be  seriously  entertained,  the  ruling 
powers  of  a  great  railway  would  need  to  be 
conclusively  convinced  that  the  system  would 
be  not  only  in  all  respects  feasible  and  convenient, 
but  also  would  be  a  very  distinct  improvement 
upon  steam  locomotion.     Otherwise  its  adoption 
would  be  in  the  highest  degree  imprudent,  if  not 
suicidal.    That  the  working  of  main  lines  by 
electric    traction    may    become    practicable    in 
the  course  of  time  is  probable  enough,  but  as 
matters  now  stand,  it  would  certainly  be  unwise 
for  railway  companies  to  waste  valuable  time 
and  money  in  extensive  experiments  with  a  new 
and  relatively  untried  system,  instead  of  devoting 
their  attention  rather  to  the  improvement  of 
present  methods,  especially  in  the  direction  of 
getting  as  much  as  possible  out  of  steam  traction. 
Keeping  this  manifestly  impor- 
British  Neglect    ^^int  aim  in  view,  most  railways, 
Compounding.     ^^^^^  ^^  Britain  and  on  the  Euro- 
pean and  American  continents, 
are  making  strenuous  endeavours  to  increase  the 
available    power   of    their   steam    locomotives. 
But  the  possibilities  under  this  head  are  un- 
avoidably restricted  by  the  dimensional  limi- 
tations which  rail-gauge  and  load-gauge  impose 
upon    designers.     It    is    therefore    manifestly 
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desirable  to  utilise  to  the  utmost  extent  possible 
the  limited  dimensions  that  are  available.  This 
is  where  the  advantage  of  compounding  comes 
in.  It  does  not  enable  a  larger  boiler  to  be 
employed,  but  it  does  enable  the  steam  supplied 
by  a  boiler  of  given  size  to  be  used  to  far  greater 
advantage,  because  it  is  used  twice  over.  When 
Mr.  F.  W.  Webb  tried  a  four-cylinder  single- 
expansion  high-pressure  locomotive  on  the 
London  and  North- Western,  he  found  that  his 
standard  boiler  could  not  keep  four  15  in. 
cylinders  supplied  with  "  live  '*  steam.  But  a 
sister  engine,  identical  in  all  respects,  save  in 
being  a  compound,  obtained  ample  steam  from 
the  same  boiler  for  her  two  15 -in.  high-pressure 
cylinders,  and  used  it  over  again  with  marked 
advantage  in  her  two  20^  -  in.  low-pressure 
cylinders.  Consequently  she  proved  a  success 
and  was  multiplied  sixtyfold,  while  the  other  was 
converted  into  a  compound  also,  and.  as  con- 
verted, has  done  excellent  work.  On  every  main 
line  in  France,  compound  engines  have  long  been 
working  with  complete  success,  so  too  in  many 
other  countries.  Yet  British  engineers  of  the 
present  day  have  hitherto  proved  strangely  shy 
of  adopting  the  compound  plan,  with  the  excep- 
tion of  Mr.  Webb,  who  has  built  nearly  three 
hundred  compound  locomotives  for  the  London 
and  North- Western,  and  very  recently  Mr.  S.  W. 
Johnson,  who  is  trying  two  on  the  Midland  line. 

It   is    not   easy    to  understand 

Sporadic        this  British   reluctance   to  em- 
Experlmentallsa-       ,  ,,,.,, 

tion.  ploy  a  method  which  has  proved 

so  successful  elsewhere.  One 
reason  perhaps  may  be  found  in  that  pre- 
valent but  quite  mistaken  idea  that  some 
discredit  attaches  to  a  chief  mechanical 
engineer,  who  adopts  a  system  invented  by 
someone  else,  instead  of  inventing  a  brand- 
new  one  of  his  own.  He  may  fear  that  he 
will  seem  lacking  in  originality  and  initiative 
if  he  advocate  the  adoption  of  another  man's 
method  and  perhaps  the  payment  of  royalties 
for  its  use.  It  is  difficult  to  explain  otherwise 
the  fact  that  so  many  British  locomotive  super- 
intendents have  made  casual  and  sporadic 
experiments  with  compounding,  yet  have  in  so 


very  few  cases  produced  a  successful  result. 
For  it  is  manifest  that  the  practicable  variations 
of  design  cannot  be  infinite  in  number.  Thus  it 
one  thoroughly  successful  method  be  devised, 
and  it  be  deemed  sine  qua  non  that  new  engines 
to  be  built  must  employ  a  different  method,  the 
balance  of  probability  against  such  variations 
proving  of  superior  or  even  of  equal  effectiveness, 
must  needs  be  heavy.  It  may  be  that  repug- 
nance to  accept  the  initiative  of  a  brother 
locomotive  superintendent  in  the  same  country 
is  natural  enough,  as  that  might  be  thought  to 
invite  disparaging  comparison.  But  there  are 
other  systems  of  compounding  beside  that  of  Mr. 
Webb,  which  tested  by  results,  have  proved  dis- 
tinctly valuable,  such  as  that  of  M.  de  Glehn, 
which  for  several  years  past  has  been  doing  such 
remarkable  work  within  thirty  milesof  the  British 
coast.  Every  French  main  line  uses  engines 
constructed  on  this  principle.  On  most  of  the 
leading  lines  in  France  all  new  express  locomo- 
tives are  of  this  type.  That  it  is  more  costly  in 
construction  is  indisputable,  but  it  constantly 
performs,  as  a  matter  of  every-day  course,  work 
which  is  deemed  sufficient  to  require  two  engines 
on  several  leading  British  railways,  and  no  fewer 
than  1,500  of  these  engines  are  now  at  work  in 
Europe.  Is  it  not  **  passing  strange  "  that  none 
have  yet  been  seen  in  Britain,  where  the  lines 
are  so  seriously  overcrowded,  where  the  engines 
are  so  often  overloaded,  and  where  the  demand 
for  increased  locomotive  power  and  swifter 
clearance  of  the  lines  is  so  urgent  and  incessant 
and  increasing  ? 


Automatic 

Couplings 

and  British 

Obtuseness. 


A  most  extraordinary  report 
upon  automatic  couplings,  as 
used  on  American  railways,  was 
recently  made  to  the  London 
and  North- Western  Railway  by  one  of  its  officials 
who  had  been  visiting  the  United  States  for  the 
purpose  of  special  inspection  and  comparison  of 
railway  methods.  He  says :  "  Persons  who 
argue  in  favour  of  automatic  couplings  in  con- 
nection with  the  safety  of  the  employ^,  appear 
to  have  overlooked  the  fact  altogether  that  the 
shunters  still  have  to  get  between  the  carriages 
and  waggons    in  order    to    make    connections 
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between  the  vacuum  pipes  and  any  other  fittings 
that  are  required  throughout  the  train,  and  this 
is  a  much  more  difficult  job  with  the  automatic 
coupHngs  than  it  is  with  the  ordinary  screw 
coupHngs  in  use  on  the  British  railways.  It  is 
perhaps  only  fair  to  state  that  the  figures  for 
1 901,  which  have  recently  come  to  hand,  show 
considerable  reduction  in  the  number  of  em- 
l^loyes  killed  and  injured  in  coupling  and  un- 
coupling '* — these  figures  of  course  being  those 
of  American  railways. 


A  Curious 
Perversion. 


*'  A  considerable  reduction  !  " 
Yes,  very  considerable  indeed! 
For  that  reduction  amounts  to 
63  ]:)er  cent,  in  the  number  of  persons  killed 
and  of  80  per  cent,  in  the  number  of  injured, 
and  this  tremendous  saving  of  life  and  limb 
is,  admittedly,  mainly  due  to  the  adoption 
of  automatic  couplings.  It  is  not  surprising 
that  the  introduction  of  this  most  urgently 
needed  improvement  should  be  delayed  in 
Britain  when  a  prominent  official  of  its  leading 
railway  regards  an  avoidance  of  more  than  half 
the  fatal  accidents  as  merely  a  **  considerable  " 
reduction  in  the  casualty  lists.  Nor  is  this  the 
only  strange  perversion  implied  in  this  peculiar 
report.  Its  suppressio  veri  is  astounding.  For 
the  enormous  preponderance  of  cases  to  which 
the  comparison  would  apply  is  calmly  ignored. 
It  is  virtuaUy  assumed  that  all  vehicles  on 
British  railways  are  connected  by  screw  coup- 
lings, and  the  fact  is  disregarded  that  the  larger 
numbei^  of  coupling  accidents  occur  with  the 
goods  waggons  which  have  not  screw  couplings, 
such  vehicles  numbering  considerably  over  one 
million  !  Another  material  fact  suppressed  by 
the  official  writer  is  that  in  America  the 
vacuum  pipes  are  now  made  to  connect 
automatically.  These  cogent  facts,  which  are 
suppressed  or  perverted,  either  unwittingly 
or  of  dehberate  intent,  "  knock  the  bottom 
out  of "  his  whole  argument  against  automatic 


Speed 

of 

Express  Traini. 


couplings.     More    will    yet    be    heard    of    this 
matter. 

A  great  deal  has  been  written  in 
the  technical  journals  recently 
upon  the  speed  of  express  trains 
in  England  and  on  the  Con- 
tinent, in  which  it  has  been  sought  to  show  that 
in  the  matter  of  speed  the  important  Continental 
express  trains  are  ahead  of  ours.  In  this 
connection  the  following  figures  relating  to 
the  Great  Western  Railway  Company's  express 
run  from  Exeter  to  London  may  be  of  interest. 
On  Wednesday,  the  22nd  October,  the  train 
due  out  of  Exeter  12-5  p.m.  started  6^  minutes 
late,  and  drew  up  at  Paddington  one  minute  in 
advance  of  time.  The  following  are  the  times 
and  distances  at  the  more  important  points 
on  the  journey,  together  with  the  average 
speed  between  those  points  : — 


^ 

« 

Average 

speed 

Distances. 

Times. 

Miles. 

Miles. 

miles  per 
hour. 

Exeter     . 

I2.I0J 

3ii 

31-25 

487 

Taunton  . 

1249 

75i 

445 

5805 

Bristol  (Loop)    . . 

1-35 

H7 

11-25 

45 

Bath 

1.50 

Ii6i 

2975 

4698 

Swindon 

2.28 

140} 

24 

62-61 

Didcot     . . 

2.51 

158 

17-25 

7017 

Reading  . . 

3.5t 

'754 

17-5 

66-68 

Slough    . . 

3.2 1  i 

193 

J  7-5 

66-68 

Westbourn 

e  Park 

3.37* 

Paddington        . .      3.39  (at  rest  at  platform) 

The  average  speed  over  the  whole  journey, 
that  is  to  say,  from  Exeter  to  Westbourne  Park, 
was  56  3  miles  per  hour,  but  at  times  the  speed 
very  greatly  exceeded  any  of  the  speeds  recorded 
above.  For  instance,  on  the  down  gradient 
just  before  coming  to  Taunton  Station,  the 
speed  for  about  six  consecutive  minutes  was 
nearly  73  miles  per  hour.  This  is  an  excellen 
performance,  more  especially  as  there  were  one 
or  two  slight  checks  by  signal 
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IV.— COST-KEEPING. 


|E    have,    in    these 
articles,  fully  demon- 
strated the  import- 
ance of  cost-keeping 
in    all    factories    or 
works ;  therefore  the 
system   here    de- 
scribed,  which    has 
been     in     practical 
operation  at  a  large 
engineering    works, 
and  has  been  kindly  communicated  through  the 
courtesy  of  Mr.  Albert  E.  Aspinall,  cannot  fail 
to  prove  of  value  in  factory  organisation. 

In  this  case  the  wages  department  is  con- 
trolled by  the  chief  cost  clerk.  The  cost 
department  consists  of  two  sections— i.e.,  the 
Productive  section ^  in  which  all  accounts,  stocks, 
and  wages,  connected  with  the  manufacture  of 
the  goods  are  dealt  with,  and  the  Upkeep  section^ 
which  concerns  itself  with  the  cost  of  keeping 
up  the  plant,  running  machinery,  making  altera- 
tions and  additions  to  buildings,  and  all  other 
amounts  which  cannot  be  charged  to  any  of  the 
jobs  being  put  through  the  shops  as  a  direct 
debit,  but  which  are  apportioned  at  percentage 
rates. 

METHOD    OF    HANDMNQ    ACCOUNTS. 

All  accounts  rendered,  after  having  been 
checked  in  the  purchasing  department,  are 
passed  on  to  the  cost  clerk's  department,  where 
they  are  analysed,  and  the  various  amounts 
debited  to  the  proper  accounts  in  the  impersonal 


ledger.    Here  the  direct  debits  are  also  charged 
to  the  various  jobs  on  hand. 

8TOCK8. 

It  is  of  the  utmost  importance  that  the  stocb 
of  materials  in  large  engineering  and  other 
works  should  be  kept  in  the  most  perfec: 
manner. 

The  principal  stocks  at  the  works  under 
consideration  are  :  (i)  general  stores,  (2)  fuel 
(3)  pig-Jro"y  (4)  building  materials,  (5)  ganister, 
(6)  limestone,  (7)  tools.  The  various  articles 
required  by  the  departments  are  requisitioned 
from  the  stores-keeper,  by  the  heads  of  depart- 
ments, on  special  dockets,  one  for  each  material ; 
the  stores  clerk  posts  up  the  dockets  and  keeps 
an  exact  account  of  all  stores  received  or 
given  out.  At  stated  intervals. he  examines 
the  contents  of  the  bins  and  pigeon-holes, 
checking  their  contents  by  his  ledger.  This 
method  saves  much  trouble  at  the  annual 
stock-taking,  as  the  ledger  is  kept  posted  up 
week  by  week,  and  prevents  the  disastrous 
running  short  of  articles,  which  may  cause 
delay  in  the  execution  of  an  order  placed 
under  penalty  in  the  contract. 

In  addition  to  the  stores-keeper  and  his 
assistant-clerk,  each  department  has  its  stoci- 
keeper,  who  daily  posts  up  all  stores  received 
or  returned. 

TOOLS. 

A  stock  is  kept  of  all  tools  purchased,  and,  m 
the  case  of  large  machine  tools,  amounts  are 
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written  off  periodically  for  depreciation,  and 
charged  to  the  jobs  in  hand  under  the  head  of 
cost  of  production.  Small  tools  are  handed  out 
as  required,   and  if    lost  by  a  workman   are 


CRUSHING    PLANT   COST   SHEET. 

For  Week  ending  igo 


MaTSRIAL  CftUSKED. 

T.   c   Q.  |^?rcss;^] 

Matte 
Ore 

Total 

Wages.                           1       Amoanu                      Totals. 

Cost  per  Ton 
crushed. 

LABOUR- 

Foreman         

Motormen      

Transporterman         

Labour  in  Crushing  Plant     ... 
Sundry  Labour          

Total     ..: 

1 

GENERAL- 

Fitters  and  Smiths     

Electricians     

Timekeepers,  &c 

Exceptional  Charges 

». 

Salaries  and  Sundries ... 

Total     

SUNDRIES- 

Tools 

Castings          

Stores  

Casks 

Bags    

Total     

PROPORTIONATE  CHARGES- 

Electric  Power           

„       Light 

Traffic 

Total     

1 

Grand  Total     ... 

1 

usually  deducted  from    his   wages  in*  weekly 

instalments. 

C08T  B00K8 

or  job  books  generally  allow  job  number  for 
every  job  in  a  contract, 
and  all  items  connected 
with  each  job  bear  that 
number.  The  use  of 
different  coloured  inks 
for  the  wages  posting  of 
each  week  has  been  found 
advantageous. 

A  practical  and  expe- 
rienced cost  clerk  may 
be  considered  an  invalu- 
able assistant  to  the 
manager,  and  should^be 
chosen  with  the  greatest 
care.  He  has  means  at 
his  disposal  for  ascertain- 
ing accurately  at  a  given 
moment  all  data  concern- 
ing cost  incurred  in  any 
department.  The  cost 
clerk  looks  at  all  matters 
from  the  ^  s.  d.  point  of 
view,  and  is  always  on 
the  alert  to  discover  any 
leakage  in  wages  or 
material  in  any  job  passing 
through  the  works  ;  he 
can  detect  any  vvant  of 
discretion  or  good  judg- 
ment in  the  foreman  or 
others  in  charge  of  any 
specific  job.  The  cost 
clerk  must  be  a  man  of 
more  than  average  in- 
tellect, and  has  to  figure 
out  the  most  intricate 
problems  of  the  manage- 
ment, which  if  unsolved 
would  seriously  perplex 
and  hamper  the  manager, 
who  is  anxious  that  his 
cost  of  production  should 
show  a  good  margin  for 
profits  and  compare 
favourably      with      past 

A  column  is  provided  on  the 
right-hand  side  of  sheet  for 
remarks. 
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records.  The  cost  clerk  endeavours  to  acquire 
as  much  technical  and  practical  knowledge  as 
possible  of  all  the  manufactured  articles  pro- 
duced by  his  firm.  There  is,  in  fact,  no  limit 
to  his  achievements  or  experience. 

Mr.  Aspinall  has  tried,  with  admirable  success, 
a  system  of  weekly  cost  sheets  in  large  elec- 
trically-driven smelting  works,  laid  out  in.  the 
following  manner : — 

On  the  wharf,  which  has  storage  bins  and 
crushing  plant  adjoining,  a  transporter  was 
erected  for  conveying  material  to  the  bins  from 
the  ships'  holds.  Automatic  railways  also  ran 
the  length  of  the  bins,  each  of  which  was  in 
addition  provided  with  a  revolving-table  weigh- 
ing machine,  which  weighed  every  load  before 
skidding  it  into  the  bins. 

Large  crushing  mills  were  erected  in  sheds 
adjoining,  and  the  ore,  crushed  to  the  required 
size,  was  returned  to  the  bins  and  kept  as  stores 
to  be  issued  on  requisition.  The  cost  sheet  of 
the  crushing  department  shows  in  the  top 
section  **  material  crushed,"  the  weight  of  ore 
crushed,  and  the  total  cost  per  ton  for  crushing. 

From  the  analysis  of  wages,  the  various  debits 
were  collected, and  placed  in  the  column  pro- 
vided, together  with  itehis  of  general  expense 
apportioned  for  the  week.  The  cost  per  ton 
was  worked  out  under  the  headmgs  of  labour^ 
general^  sundries  and  proportionate  charges,  the 
total  giving  the  net  cost  for  crushing.  (See 
figure.) 

All  charges  for  imloading  the  various  ores 
were  at  once  charged  in  the  ledger  account 
against  ores^  to  be  used  as  value  for  ores  at 
stock-taking  times. 

THK    CALOININQ    DKPARTMKNT. 

This  consisted  of  revolving  plough-geared 
self-discharging  calciners,  from  whence  the  ore 
was  passed  on  to  the  briquetting  department, 
where,  after  being  mixed  with  certain  fluxes, 
the  material  was  put  through  the  briquetting 
press,  and  discharged  by  means  of  a  belt  into 
trucks,  which  conveyed  it  to  the  weighing- 
machine.     It  was  then  passed  to  the 


Here  the  waggons  of  material  were  raised 
to  charging  platforms  by  hoists,  and  charged 
into  the  furnace  cupola  with  a  proper  propor- 
tion of  flux  and  coke.  The  cupola  was  fitted 
with  two  lips  for  slag  and  for  metal,  and  the 
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slag  was  run  out  into  slag  pots,  wheeled  away, 
and  tipped.  The  metal  was  run  ofiF  into  moulds. 
After  cooling,  the  slag  was  broken  up  and 
passed  along  to  the  Siemens'  furnace  or  zinc 
plant  department. 

For  obvious  reasons,  the  cost  sheet  for  the 
smelting  department  also  takes  care  of  the 
calcining  and  briquetting.  The  costs  are,  of 
course,  based  on  raw  weights ^  as  the  first  weight 
is  considerably  reduced  after  the  moisture  has 
been  driven  off. 

Each  section  is  treated  in  detail,  as  in  figure, 
which  will  serve  as  a  guide.  Practical  illus- 
trations such  as  these  are  of  more  value  to 
managers  than  any  costly  conference  summoned 
to  ascertain  costs. 

8IKIMKN8'  PURNACK  OR   ZINC  PL^NT  DSPARTMIHT. 

This  plant  consisted  of  eight  furnaces, 
designated  by  the  first  eight  letters  of  the 
alphabet.  Here  the  slag  was  treated  for  zinc 
contents,  the  fumes  driven  off  being  collected 
in  the  form  of  dust  in  chambers  adjoining. 
The  slag  was  tipped  into  large  steam  self- 
tipping  ladles,  and  dumped  on  to  the  slag  bank ; 
the  material  recovered  being  passed  afterwards 
through  the  smelting  furnace. 

In  the  cost  sheet  the  same  manner  of  treating 
the  debits  under  different  headings  is  to  be  noted. 

A  glance  at  the  summary  reveals  the  object 
A  works  manager  would  ask  his  department 
manager  what  material  had  been  put  through 
the  furnace  during  the  week-,  what  quantities 
had  been  recovered,  and  what  were  the  costs 
of  production.  The  cost  sheet  provides  the 
answers  in  concise  form,  instead  of  the  usual 
exasperating  approximate  figures  still  tolerated 
in  some  works.    (See  figure.) 

All  company  directors  would  do  well  to 
demand  weekly  comprehensive  working  cost  sheds, 
which  could  be  handed  round  for  inspection, 
affording  ample  scope  for  conference,  and 
insuring  a  greater  proportion  of  profits 
eventually  to  the  shareholders. 

KLECTRIC    POWER    STATION. 

Two  400  kilowatts  D.C.A.C.  Allis  Crocker 
Wheeler  sets,  switchboard  (two  distributing 
and  two  feeder  panels),  three  batteries,  and 
Babcock  boilers  with  automatic  stokers  were 
utilised.  The  coal  was  fed  by  gravity  from 
bins  into  the  hoppers  of  the  stokers. 


Digitized  by 


Google 


Business  System   and  Organisation. 


699 


SMELTING     COST    SHEET. 

For    Wfk    ending 
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ZIKC     PX^JLIVT     C30BT     SBBBT. 


For    Week   ending J90 


Uatwmuu.  Tuatxd 


Wc«hi.  UoMmc  Dty 


•.       C     Q.         T.       C     ^         T        C      Q 


Oaf  ChMfed— A  Furnace 


IUtuuu  U«a. 

T.       p     Q.  1 

RaM. 

■=1 

T^ 

WAcaa. 

^-H 

-  1 

h.^.  1 

KomtU. 

PIIL- 

For  Kiinucea     

.     Bottar.        

.     LiOki         

PUMIACBS- 

Fore««i     

HOpen      

Total        

ADOmOKS  TO  CBABGBS- 

Antbncite  Duff 

Coke  Bw«e     

S«imi«  Poles     ..        

Lnotone          

L»e       .. 

Pitl««. 

~ 

Chargan  and  Ciaicn 

Udlcmeo 

Gantrymen.  Top    ... 

BOIIORI 

Boiler  J-'ircmea      

MAwn      

Weigher* 

rotti       

UFIACTOIT  MATHIALS- 

1 

ChR»e  Ore      !. 

Tu                   

• 
BECOVUY  PUNT- 

Forenen 

nueCJeaoen 

KMBan         

CoopM. 
lteninRaiK)S(ock.*.eO»<lc 

Sundry  Ubout 

Tool        

soHmv- 

Toob      

Sura.  &e        

aip     

1 

aMCHAb- 

Filtcrt  and  bmith*  . 

TottI        

Elecinc  Pomt 

Ekctiic  L%ht 

Laboratory  Chargca 
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The  working  cost  sheet  provides  com- 
plete analysis  of  the  cost  of  working  the  power 
plant.     (See  illustration.) 

The  following  method  is  adopted  for  calcula- 
ting the  extensions  and  the  power  and  light 
which  are  placed  on  the  left  hand  side  of  the 
sheet : — 

Total  amperes  x  250  volts  =:  B.T.U. 

1000 

-f-  by  number  of  hours  worked =units  per  hour. 

Total  amperes  x  250  volts  =  E.H.P. 

746 
-f-  by  number  of  hours  machines  have  run 
=  average  units  per  hour.  The  weight  of  coal 
in  lbs.  ^  by  number  of  hours  engines  have  run 
=  lbs.  of  fuel  consumed  per  hour.  Total  weight 
of  coal  consumed  x  B.T.U.  or  E.H.P.  =  fuel 
consumed  per  unit  hour. 

There  were  in  addition  large  fitting  shops, 
smithy  and  general  stores.  A  well  equipped 
laboratory  adjoined  the  general  offices. 

TiMe-KeepiNa 

Without  a  good  system,  time-keeping  becomes 
a  source  of  great  anxiety  and  worry  to  the 
manager,  and  he  is  continually  troubled  by 
reports  of  discontent  over  the  wages  roll  on  the 
part  of  the  workmen,  who  must  be  made  to  feel 
that  their  time  is  well  and  accurately  looked 
after.  The  following  system  was  in  use  at  the 
works  here  described,  all  departments  of 
which  were  run  with  three  shifts.  An  average 
nupiber  of  750  men  was  employed,  the  check 
system  of  round  and  square  checks  for  alternate 
weeks  being  in  force. 

The  day  men  lifted  their  check  on  entering 
the  works  in  the  morning,  at  breakfast  and 
dinner  hours,  pushing  them  through  the  slot 
indicated  by  the  time-keeper,  who  took  up  a 
position  directly  opposite  the  tally  boards  and 
carefully  noted  that  each  man  only  raised  one 
check  for  himself.  The  tally  boards  had  the 
number  clearly  painted  on  them,  and  the  light- 
ing was  such  that  the  workman  could  at  any 
time  easily  discern  the  number  on  his  check. 
The  foremen  were  provided  with  pocket-books, 
conveniently  ruled,  which  they  used  on  alter- 
nate days  for  noting  the  nature  of  the  work 
Aipon  which  their  workmen  were  engaged. 
These  books  were  deposited  each  evening  in 
the  time  office  to  be  entered  into  the  charging 


books  (figs.  4a  and  4b).  The  time-keepers,  in 
addition,  went  round  the  works  at  given  times 
during  the  day  checking  against  the  foremen. 

The  time  of  the  shift  men  was  checked  in 
the  same  manner,  and  the  department  managers* 
clerk  took  the  men's  time  independently  and 
checked  it  with  the  time-keeper.  The  total 
shifts  and  hours  on  any  job  and  the  overtime 
were  totalled  up,  and  the  amounts  carried  out 
in  the  extension  column.  Simplicity,  thorough- 
ness and  reliability  are  claimed  for  this  system, 
and  in  case  of  dispute  ready  reference  is  always 
available. 

PUEL    8TO0K    AND    DISPOSAL, 

The  object  of  the  fuel  stock  and  disposal  book 
is  to  record  the  receipt  and  disposal  of  the  whole 
of  the  fuel  needed  for  the  furnaces,  power 
stations  and  other  purposes.  The  figures  are 
checked  up  every  week,  and  the  tonnage  used 
is  debited  to  the  various  departments.  There  are, 
in  addition,  swi7/ry  ^fei7s,  stores  debits ^  and  timber 
debits  books  all  ruled  according  to  requirements. 

QENKRAL    REMARKS. 

A  smart  manager  will  leave  no  stone  unturned 
until  he  has  obtained  complete  returns  of  the 
cost  of  each  department.  An  efficient  staff  in 
the  costs  department  is  expensive,  but  the 
useful  work  done  amply  compensates  the  firm 
for  the  salaries  paid.  No  factory  should  start 
a  cost  department  unless  it  can  afford  a  tho- 
roughly efficient  staff.  An  expert  cost  clerk 
has  to  study  his  work  morning,  noon,  and 
night.  It  is  well  for  the  manager  to  be  able  to 
turn  over  to  him  the  foremen  who  continually 
come  to  consult  him  on  matters  concerning  the 
jobs  on  hand ;  with  the  help  of  the  chief 
draughtsman  there  is  little  concerning  the  work 
of  production  which  he  cannot  settle.  This 
will  prevent  many  stoppages  of  work  which 
occur  while  the  foremen  are  waiting  to  consult 
the  manager.  It  is  the  cost  clerk's  business  to 
record  all  such  delays  and  their  cause,  and  to 
charge  the  loss  under  the  proper  heading.  In 
short,  if  a  manager  once  secures  a  good  cost 
clerk,  he  will  find  him  an  excellent  investment. 
In  conclusion,  we  would  say,  take  care  of  the 
costs  and  the  dividends  will  take  care  of  them- 
selves. The  manager  is  responsible  for  the 
output,  and,  indirectly,  for  the  dividends 
also. 
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New  York,  i^di  November,  i90-- 

for  export  business.  Exception  has  been  made 
to  this  ruling,  but  as  yet  no  authoritative  state- 
ment has  been  made  public. 

With  regard  to  finished  iron  and  steel,  an 
unusual  state  of  affairs  presented  itself  during 
the  latter  part  of  September.  While  all  the 
pig-iron  and  steel  billet  establishments  were 
pressed  to  the  utmost  for  deliveries,  an  over- 
production occurred  in  the  wire,  wire-rod,  pipe, 
sheets  and  tinplate  market.  Quite  a  number 
of  the  mills  have  had  to  close  to  await  a  sufficient 
demand.  In  structural  shapes  the  deniand  is 
very  heavy,  and  there  is  much  business  in  mer- 
chant bar  and  steel  plates.  Steel  rails  are  also 
in  very  heavy  demand. 

The  general  condition  of  the  iron  and  steel 
industries, .  as  here  briefly  outlined,  has  called 
attention  to  the  new  state  of  things  in  the  States. 
Whereas  but  a  short  time  ago  Europe  was  looking 
askance  at  the  so-called  American  invasion,  now 
prices  are  generally  high  and  the  country-  is 
altogether  occupied  in  attempting  to  meet  its 
own  requirements.  The  balance  of  trade  be- 
tween the  United  States  and  Europe  has  changed 
so  much  that  the  term  **  invasion  "  is  becoming 
ridiculous.  According  to  the  report  of  the 
Bureau  of  Statistics  the  excess  of  exports  o\-er 
imports  was  816,000,000  for  September,  against 
§35,000,000  for  August.  It  is  interesting  to 
contrast  the  period  of  low  prices  in  1S98,  when 
American  manufacturers  sought  business  abroad, 
as  typified  in  the  famous  Atbara  bridge  contract, 
with  the  state  of  things  now  existing,  as 
indicated  by  the  recent  assertion  that  one-halt 
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of  the  pig-iron  production  for  the  first  six  months 
of  1903  has  aheady  been  sold  at  prices  probably 
one-half  as  high  again  as  those  in  the  correspond- 
ing six  months  of  the  present  year. 

The  formal  opening,  on  October 
Ij^wTr  m^    25th,  of  the  water-power  plant 

on  the  Michigan  side  of  the  St. 
Mary's  River  marks  the  completion  of  a  wonderful 
engineering  undertaking,  and  brings  forcibly  to 
mind  the  possibihties  of  foresight  and  endeavour. 
In  1894  the  water-power  rights  of  the  river, 
which  carries  the  discharge  of  Lake  Superior 
into  Lake  Huron,  amounting  to  3,500,000  to 
7,000,000  cubic  feet  per  minute,  were  purchased 
for  what  is  now  the  Consoli(Jat€d  Lake  Superior 
Company.  Since  that  time,  a  varied  number  of 
industries  have  been  established  by  the  company, 
each  ;  ddition  owing  its  existence  to  the  desir- 
ability of  meeting  the  needs  of  a  predecessor,  a 
large  industrial  town  has  arisen,  and  two  water- 
power  plants  on  opposite  sides  of  the  river  have 
been  developed,  jdelding  together  80,000  h.p. 
The  American  plant  is  of  60,000  h.p.  capacity, 
and  comprises  320  thirty-three-inch  turbines, 
working  under  a  head  of  something  less  than 
20  ft.  The  wajter  is  led  to  the  power-house  through 
a  canal  starting  from  a  bay  2,900  ft.  long,  950  to 
220  ft.  wide  and  22  ft.  deep,  cut  in  the  sohd  rock. 
The  canal  is  200  ft.  wide,  but  as  it  approaches 
the  power-house,  expands  to  1,400  ft.  The 
power-house  acts  as  a  dam  in  which  the  turbines 
are  located,  and  is  1,368  ft.  long  and  100  ft.  wide. 
For  its  foundation  1,200  piles  50  ft.  long  were 
required,  and  in  the  construction  of  power-house 
and  canal  1,250,000  cubic  yards  of  rock  and 
3,000,000  cubic  yards  of  earth  were  excavated, 
3,500,000  ft.  of  pihng  were  used  and  900,000 
cubic  yards  of  masonry  and  170,000  cubic  yards 
of  concrete  were  constructed. 

The  Des  Moines,   an   armoured 

A  Recent  Addition  cruiser  for  foreign  port  protec- 
10  the  United        .  ,  .^        c      1       u 

States  Navy,     tion,  was  launched  on  September 

20th,  at  the  yard  of  the  Fore 

River  Ship  and  Engine  Company,  Quincy,  Mass. 

She  is  308  ft.  2  in.  long,  292  ft.  on  the  load  water 

line,  and  44  ft.  broad.    She  has  a  displacement 

of  3,200  tons,  with  a  mean  draft  of  15}  ft.      Her 


main  engines,  two  in  number,  are  of  the  four- 
cylinder  triple-expansion  type,  having  4,700 
i.h.p. ;  and  her  boilers,  six  in  number,  are  of  the 
water- tube  type,  provided  with  300  square  feet 
of  grate  surface  and  two  stacks,  70  ft.  high  above 
the  grates.  Her  accredited  speed  is  16*5  knots. 
Bunker  capacity  has  been  provided  for  700  tons 
of  coal.  The  hull  below  water  and  under  the 
sheet-copper  covering  is  of  Georgia  pine,  bolted 
with  bronze  bolts  to  the  steel  shell.  The  flat 
deck  is  of  5*  16  in.  steel :  the  slopes,  opposite  the 
engines  and  boilers,  of  2j-in.  nickel  steel.  Her 
armament  will  include  ten  5-in.  50-calibre  rapid- 
fire  guns,  eight  6-pounder  guns,  two  i-pounder 
guns  and  four  Colt  automatic  guns,  besides  one 
field  gun.  Smokeless  powder  is  to  be  used,  and 
the  magazine  will  hold  250  rounds  for  each  of  the 
5-in.  guns  and  500  rounds  for  each  of  the 
6-pounder  guns.  Her  two  masts  will  carry  some 
6,000  square  feet  of  canvas,  and  one  of  them  is  to 
have  a  *'  wireless  "  telegraph  attachment. 

The  standardisation  of   the  fit- 

The  standardisa-  tings  of  ships  built  for  the  U.S. 
tion  of  Fittings  ^    ,  /  ,.,.,, 

m  the  U.S.  Navy,  navy  by  pnvate  shipbmlders  has 

apparently  made  much  progress. 
Referring  to  this  subject  in  his  annual  report^ 
Rear-Admiral  Francis  T.  Bowles,  chief  of  the 
Bureau  of  Construction  and  Repair,  says  that 
the  builders,  having  on  their  own  initiative 
organised  a  conference  on  the  subject,  finally 
submitted  plans  of  fittings  which  they  recom- 
mended for  adoption  as  standards.  Duririg  the 
year,  forty-four  such  standards  were  established, 
including  water- tight  manholes,  water-tight  doors, 
air  ports,  coal  scuttles,  deck  hghts,  warping  and 
towing  bitts,  Uft  and  force  pumps,  water-tight 
hatches,  pipe  flanges,  portable  ventilators, 
metaUic  ladders  and  boat  davits.  In  addition, 
general  specifications  for  electrical  appliances  on 
board  ship  have  been  adopted,  together  with 
standard  alloys  of  copper,  tin  and  zinc. 

The  Liquid-Fuel    Board,  which 

The  Use  of   Oil  has  been  conducting  an  elabo- 
Fuei  in  Marine  .         .  .  °  , 

Engines-        rate  senes  of  expenments  on  the 

use  of  oil  in  steam  boilers  for  the 

Bureau  of  Steam  Engineering,  has  presented  its 

report,  although  it  appears  that  there  is  stiH 
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One  of  the  most  interesting 
nitrates  from  Alp.  developments  to  report  in  the 

field  of  electricity  relates  to  the 
fixation  of  the  nitrogen  in  the  air.  This  work, 
which  means  the  production  on  a  commercial 
basis  of  nitric  acid  or  of  nitrates  by  securing  the 
combination  of  nitrogen  and  oxygen  in  the  air, 
has  been  achieved  by  Mr.  Charles  F.  Bradley  and 
Mr.  D.  Ross  Lovejoy,  president  and  electrician, 
respectively,  of  the  Atmospheric  Products  Com- 
pany, of  Niagara  Falls.  According  to  details 
recently  given  out,  the  essential  part  of  the 
system  is  a  nitrifying  chamber,  a  cast-iron 
cylinder  about  4  ft.  in  diameter  and  5  ft.  high, 
within  which  138  electrodes  distributed  in  23 
levels  are  revolved  about  a  central  vertical  shaft. 
There  is  a  corresponding  number  of  stationary 
electrodes,  with  which  the  revolving  electrodes 
set  up  arcs,  in  six  vertical  rows  of  23  each.  Six 
air  passages  at  each  of  the  six  rows  of  stationary 
electrodes,  provide  for  drawing  off  the  air  as  fast 
as  it  is  subjected  to  the  influence  of  the  arc. 
The  scheme  is  an  application  of  the  fact  that 
oxygen  and  nitrogen  can  be  made  to  combine  by 
means  of  the  electric  arc.  The  direct  current 
was  found  more  satisfactory  than  alternating 
currents.  Minimum  current,  ,with  minimum 
heat  expenditure,  and  maximum  arcing  surface 
are  obtained  by  separating  the  electrodes  quickly 
after  the  arc  has  been  formed,  which  occurs  with 
the  8,000  volts  used  at  a  distance  of  A  in.  To 
resist  a  rise  in  current  during  the  early  part  of 
the  arc,  and  to  assist  in  prolonging  it  in  the  latter 
dart,  an  inductance  coil  is  inserted  in  each  circuit. 
The  arc  breaks  when  it  reaches  a  length  of  6  in. 
to  8  in.  The  speed  of  the  cfentral  shaft  is  300 
revolutions  per  minute,  so  that  414,000  arcs  are 
formed  per  minute,  each  of  which  receives  0*005 
ampere.  The  air  passes  from  the  nitrifying 
chamber  through  the  six  channels  to  a  galvanised 
iron  tank,  where  the  nitric  oxide  is  given  time- 
to  take  up  more  oxygen,  and  it  is  then  conducted 
into  a  stand  pipe  filled  with  coke.  If  nitric  acid 
is  to  be  formed,  water  is  delivered  into  the  top 
of  the  pipe,  trickling  over  the  coke  ;  if  nitrates 
are  to  be'  made,  a  solution  of  caustic  alkali, 
potassium  hydrate  for  example,  is  introduced. 
Air  is  passed  through  the  apparatus  at  the  rate 


of  3  tp  4  cubic  feet  per  minute,  and  about  3  per 
cent,  of  the  nitrogen  is  oxidised.  Experiments 
are  now  being  carried  on  to  determine  the  pro- 
portion of  oxygen  to  be  added  to  the  air  that 
will,  as  is  believed,  give  a  higher  percentage. 
The  company  intends  before  long  to  operate  the 
works  on  a  large  scale. 

Recent    accidents    due    to    the 

Improved  Conduits  joint  use  of  underground  con- 
fer Electrtc      \  .       .      ...  ,*^,       ^ 
Wires.'         duit<^  for  high  and  low-tension 

elect  ic  distribution  systems  have 
called  forth  a  paper  on  the  subject  by  Mr.  Charles 
F.  Hopewell,  which  was  read  before  the  Inter- 
national Association  of  Municipal  Electricians, 
at  Richmond,  Va.  Faulty  methods  of  construc- 
tion, he  considers,  comprise  all  kinds  of  conduits 
built  of  conducting  material,  such  as  iron  pipes 
or  ducts  with  an  iron  covering,  where  joints 
every  8  ft.  place  the  cable  in  contact  with  iron 
rings  metallically  connected  to  such  iron  covers. 
A  bre^-down  of  insulation  immecliately  charges 
the  entire  conduit  from  manhole  to  manhole. 
He  advocates  the  use  of  non-conducting  and 
permanent  material,  preferably  of  tile  ;  single 
ducts,  for  high-tension  wires  ;  the  multiple  type 
for  low-tension  wires.  The  low-tension  ducts 
should  be  laid  on  top  of  the  highttension  ducts, 
separated  therefrom  by  6  in.  of  concrete  cement. 
The  entire  system  should  be  imbedded  in  3  in. 
of  concrete  with  i-in.  planking  on  top.  One 
set  of  manholes  should  be  used  for  all  high- 
tension  wires,  these  also  containing  transformers, 
and  a  separate  set  for  the  low- tension  wires. 

Some  details  of  a  system  for  the 

Electrolytic  Re-    electrolytic  refining  of  base  lead 
fining  of  Base      ,     ,,.       ,  ,     ,  , 

Lead  Bullion,      bullion  have  recently  been  made 

public  by  Mr.  Titus  Ulke  in  the 
columns  of  the  Engineering  and  Mining  Journal, 
In  view  of  the  highly  satisfactory  results  which 
have  been  attained,  a  brief  r6sum6  will  be  inter- 
esting. This  system,  which  was  invented  by 
Mr.  A.  G.  Betts,  has  been  applied  to  a  plant  of  ten 
tons  daily  capacity  at  Trail,  British  Columbia. 
The  depositing  room  contains  20  tanks,  built  of 
wood  and  lined  with  tar.  The  anodes  consist 
of  the  lead  bullion  cast  into  plates  about  2  in. 
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thick ;  the  cathode  sheets,  which  receivse  the 
lead  deposit,  are  thin  lead  plates  obtained  by 
electro  deposition  upon  and  stripping  from 
special  cathodes  of  sheet  steel.  The  process  is 
based  on  the  easy  solubility  of  lead  in  an  acid 
solution  of  lead  fiuo-silicate,  which  possess  both 
stability  iinder  electrolysis  and  high  conduc- 
tivity. The  electrolyte  is  obtained  by  diluting 
hydrofluoric  acid  and  saturating  it  with  pul- 
verised quartz.  The  electrodes  are  separated 
by  a  space  of  i^  in.  to  2  in.  The  fall  in  potential 
is  about  o'2  volt ;  lo  to  25  amperes  per  square 
foot  are  allowed.  One  ampere  deposits  3*88 
grams  of  lead  per  hour.  At  10  amperes  per 
square  foot,  the  cathode  area  should  be  about 
1,080  square  feet  per  ton  of  daily  output.  The 
total  quantity  of  electrolyte  is  175  cubic  feet. 
It  is  stated  that  each  ton  of  lead  refined  requires 
the  burning  of  200  lbs.  of  coal.  In  the  Betls 
electrol3^ic  process,  nearly  all  the  impurities  in 
the  base  bullion  remain  as  a  more  or  less  adherent 
coating  on  the  anode.  This  residue  consists 
practically  of  all  the  copper,  antimony,  bismuth, 
arsenic,  silver  and  gold  contained  in  the  bullion, 
and  about  10  per  cent,  of  its  weight  in  lead. 
Estimating  that  the  electrolyte  will  have  to  be 
purified  once  a  year,  the  amount  to  be  purified 
daily  figures  out  less  than  one  cubic  foot  for  each 
ton  of  output.  The  author  of  the  article  believes 
that  the  development  of  electrolytic  lead  refining 
signalises  as  great  an  advance  over  the  fire 
methods  of  refining  lead  as  electrolytic  copper 
refining  does  over  the  old  Welsh  method  of 
refining  that  metal. 

The  coal  production  of  the  world, 

^"'IhrS'*  ^t?*^     according  to  the  Monthly  Sunv- 

mary  of  Commerce  and  Finance 

issued  by  the  Treasury  Bureau  of  Statistics. 


amounted  in  1901  to  866,165,000  short  tons. 
The  shares  in  the  production  held  by  the  leadin^^ 
countries  were  as  follows :  United  States,  34 
per  cent. ;  United  Kingdom,  28  per  cent. : 
Germany,  19*2  per  cent.  In  1868  the  United 
Kingdom  produced  over  three  times  as  much  as 
either  the  United  States  or  Germany.  The 
anthracite  mining  operations  of  the  United 
States,  which  have  been  much  before  the  public 
on  account  of  the  recent  strike,  are  scattered 
through  a  narrow  region,  principally  in  Pennsyl- 
vania, about  90  miles  long.  The  basins  ar.- 
generally  of  considerable  depth,  2.500  to  3,000  ft., 
with  the  beds  at  an  angle  of  30  deg.  with  the 
horizontal.  The  seams  are  sometimes  50  ft.  or 
60  ft.  deep,  but  those  of  6  ft.  or  7  ft. 
have  proved  most  satisfactory  as  mining 
propositions. 


Steel  Llninffs 

for  Mine 

Shafts. 


Lining  mine  shafts  with  steel 
owing  to  the  growing  scarcity  of 
timber,  has  been  the  practice  of 
the  Oliver  Iron  Mining  Company, 
in  Michigan,  for  the  past  two  5'ears.  The  framing 
is  formed  of  rails,  rivetted  together  by  means  of 
angle-irons.  Where  there  is  danger  of  small 
pieces  of  rock  falling  into  the  shaft,  old  mire 
ropes  are  employed,  stretched  length-wise  of  the 
shaft  close  enough  together  to  guard  against 
the  possible  loosening  of  large  rocks.  Where  a 
more  secure  enclosure  was  indispensable,  2-in. 
planking  has  been  used.  It  is  understood,  how- 
ever, that  corrugated  steel  is  to  be  used  hereafter 
in  such  cases,  at  least  every  100  ft.,  to  prevent 
the  spread  of  fire  otherwise  favoured  by  a  con- 
tinuous lagging  of  wood.  No.  16  corrugated 
steel,  which  is  iV-in.  thick,  is  perhaps  the 
stroilgest  single  thickness  available,  and  if 
galvanised,  it  should  last  a  long  time. 
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LONDON,  20th  November,  1902. 

Although    there    is    no    im- 
GUnt  steamers,  provement  in  the    demand  for 
merchant  ships,  there  seems  a 
growing  demand  for  size.    The  orders  for  the 
two  new  giant  Cunarders  to  be  built  under  the 
;^i5o,ooo  subsidy  agreement  with  the  British 
Government  have  not  yet  been  placed,   while 
these  lines  are  being  written,  but  it  is  believed 
that  one  will  be  ordered  on  the  Clyde  and  the 
other  on  the  Tyne.     Belfast  is  out  of  the  run- 
ning in  this  case,  but  Belfast  has  booked  the 
first  order  from  the  Morgan  Combine,  who  are 
bound  to  take  all  their  new  ships  from  Messrs. 
Harlarid  and  Wolff,  so  long  as  that  firm  can 
supply  them.     And  from  Messrs.  Harland  and 
Wolff  the  Atlantic  Transport  Company,  which 
is  part  of  the  Combine,  has  just  ordered  three 
stSamers  of   12,000   tons  each  for  the  traffic 
between  London  and  New  York.    These  boats 
will  have    names  with    the   •*  Minnie "   prefix 
favoured     by    this    Company.      The    Atlantic 
Transport    boats    will    do    the    work    of    the 
Combine  between  Londoh  and  Boston,  while 
the  old  Leyland  boats  will  run  between  Man- 
chester and  Boston.   There  is  no  want  of  activity 
in  shipbuilding  at  *  Belfast,  and  the  Clyde  yards 
(or  '  moat    of   them)    are    still    tolerably    well 
employed,  though  their  order  books  are  running 
out.     But  in  the  North  of  England  there  is  a 
decided  and  increasing  depression  and  a  gloomy 
outlook  for  the  winter  months. 

It  is  just  a  question  whether  a 
^JJl^^^^^l^f     reduction  in  costs  would  bring 

forward  a  new  series  of  contracts 
just  now,  or  whether  the  freight  markets  are  so 
low  as  to  discourage  all  building  of  vessels  of  the 
**  tramp  "  order,  which  really  do  the  carrying 
trade  of  the  world.  The  run  of  American  orders 
for  coal  sent  up  freights  from  7s.  to  los.,  or  so, 
from  the  North- East  of  England  to  United  States 
ports.  With  the  termination  of  the  anthracite 
strike,  the  orders  from  America  for  coal  stopped 
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and  freight  came  quickly  back  to  7s.  Then 
the  shipment  of  pig-iron  was  resumed.  Now, 
if  it  were  not  for  the  American  demand,  it  is 
probable  that  pig-iron  would  be  los.  or  more 
per  ton  lower  than  it  has  been  for  quite  a 
number  of  months.  If  pig-iron  were  to  decrease 
into  the  lower  **  forties,"  we  might  see  steel 
ship-plates  down  to  a  tempting  price,  but  at 
£^  I  OS.  per  ton,  less  2^  per  cent.,  in  Middles- 
bro',  and  ;^5 15s. less  5  percent.,  in  Glasgow, they 
are  not  low  enough  to  enable  builders  to  cut 
fine.  It  is  not  Hkely  that  iron  will  come  down 
much  for  some  months  to  come,  and  it  is  prob- 
able that  shipbuilding  will  be  quiet  all  next  year. 

An  important  development  of 
FinhComZtUomthe  past  month    has    bfcen  the 

amalgamation  between  the  ship- 
building and  steel  manufacturing  concern  of 
John  Brown  and  Co.,  Ltd.,  of  Clydebank  and 
Sheffield,  with  that  of  Thomas  Firth  and 
Sons,  Ltd.,  steel  manufacturers,  Sheffield.  The 
alliance  is  not  a  fusion  of  the  two  companies 
into  one,  but  an  exchange  of  shares,  much  on 
the  same  principle  as  the  formation  of  the 
**  community  of  interests "  between  Vickers, 
Sons,  and  Maxim,  Ltd.,  Barrow  and  Sheffield, 
and  William  Beardmore  and  Co.,  Ltd.,  Glas- 
gow. At  all  events,  John  Brown  and  Co.  take 
seven-eights  of  the  shares  of  Thomas  Firth  and 
Sons,  and  pay  for  them  with  their  own  shares. 
As  ordnance  and  gun-mountings  are  made  at 
the  Firth  Works,  the  new  combination  .will  be 
able  to  turn  out  a  fully-armed  and  equipped  war- 
ship from  the  raw  material.  It  was  boasted  of 
the  new  American  Shipbuilding  Syndicate  that 
it  was  the  only  concern  in  the  world  that  could 
do  this.  As  a  matter  of  fact  we  have  now 
three  private  establishments  that  can  do  it — 
the  Armstrong  Company,  the  Vickers  and 
Beardmore  alliance,  and  the  Brown  and  Firth 
combination. 

A  new  departure  in  shipbuilding 
A  New  since  our  last  notes  is  the  steam 

yacht  Emerald,  which  Messrs. 
Alexander  Stephen  and  Sons,  Ltd.,  Linthouse, 
Glasgow,  have  built  for  Sir  Christopher  Furness. 
In  this  vessel  marine  engineers  hope  to  deter- 
mine some  of  the  problems  raised  by  the 
application  of  the  marine  steam  turbine  to  the 


propulsion  of  ocean-going  vessels.  The  Emerald 
is  not  the  first  yacht  to  be  fitted  with  the  new 
type  of  engine,  but  she  is  so  built  as  to  be  able  to 
demonstrate  the  economy  of  fuel  at  low  speeds 
with  steam  turbines,  as  compared  with  recipro- 
cating engines.  At  present,  all  the  vessels  in 
which  turbines  are  usied  are  swift,  and  doubts 
are  entertained  of  the  economy  of  using  turbines 
in  vessels  of  low  speed.  The  Emerald  is  not 
intended  for  high  speed,  and  as  she  is,  so  far  as 
model  is  concerned,  a  vessel  which  will  compare 
well  with  others  of  a  similar  type,  the  results  of 
the  experiment  should  be  of  exceptional  interest. 
The  intention  is  to  obtain  a  rate  of  about 
16  knots  with  an  entire  absence  of  vibration, 
and  an  exceptionally  low  coal  consumption. 
The  Emerald  is  236  ft.  in  length  over  all, 
28  ft.  8  in.  in  breadth,  and  18  ft.  6  in.  in  moulded 
depth.  She  has  been  constructed  under  Lloyd*s 
special  survey  to  class  100  Ai,  and  has  a  fine 
cut- water  stem,  with  a  beautifully  carved  figure- 
head, a  long  square  stern,  and  a  range  of  teak- 
panelled  deck-houses  extending  amidships  for 
about  1 18  ft.  A  promenade  deck  from  side  to 
side  of  the  vessel  is  carried  the  whole  length  of 
the  deck-houses,  and  on  it  are  placed  the  boats, 
and  a  large  teak  deck-house  for  deck  lounge 
and  navigating  room.  The  vessel  has  three 
sets  of  steam  turbines,  three  shafts  and  five 
manganese  bronze  propellers  —  one  propeller 
on  the  centre  shaft  and  two  each  on  the 
side  shafts.  All  these  have  been  supplied 
and  fitted  on  board  by  the  Parsons  Marine 
Steam  Turbine  Company,  Wallsend-on-Tyne. 
The  hull  has  been  specially  strengthened 
to  prevent  any  vibration  in  the  structure  from 
the  great  speed  at  which  the  shafts  will 
revolve.  In  the  engine-room,  besides  the  three 
turbines  and  their  condensers,  and  the  duplicate 
electric-lighting  machinery,  there  are  a  large 
number  of  auxiliary  engines  of  all  kinds.  The 
main  boiler,  which  is  of  very  large  diameter,  is 
fitted  with  Howden's  forced  draught. 

There  is   trouble   in   the  ship- 

ShipbuiidinfiT  in  the  building     world     of     America 
United  States.      ^,  °  ^      .         ,.,„,, 

through  want  of  material.    The 

Chief     Constructor    of     the     American  NsLvy 

states     that     material     and     skilled     workers 

are     not     obtainable     in    sufficient    numbers 
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to  make  satisfactory  progress  with  the  ship- 
building orders  already  given  out,  and  this 
applies  to  armour-plating  as  well.  The  battle- 
ship OhiOj  building  at  San  Francisco,  is  twenty- 
nine  months  behind  her  time.  The  Missouri^ 
at  the  Newport  News  works,  is  reported  to  be 
twenty  months  late,  and  so  with  other  ships, 
ten  months  being  about  the  usual  time  behind 
for  large  ships,  while  torpedo  craft  range  up  to 
forty  months.  The  delay  in  beginning  the 
Virginia,  Pennsylvania^  and  St.  Louis  of  last 
year's  programme  has  been  taken  advantage  of 
to  make  improvements  in  detail,  a  new  system 
for  the  distribution  of  ammunition  being  intro- 
duced. In  his  report.  Admiral  Bowles  records 
substantial  progress  in  the  standardisation  of 
fittings.  In  America  44  details  of  fittings  have 
been  standardised,  and  in  certain  classes  of 
ships  standard  systems  of  ventilation  and 
drainage  have  been  arranged.  The  construc- 
tion department  of  the  United  States  Navy  have 
arranged  to  regulate  education  in  naval  archi- 
tecture, and  to  offer  opportunities  for  students 
gaining  practical  experience.  The  Commissioner 
of  Navigation  for  the  United  States  reports  that 
during  September  there  were  **  officially  num- 
bered "  as  built  in  the  United  States  123  vessels  of 
43,743  tons,  as  compared  with  119  of  31,469  tons, 
in  the  previous  month.  Of  these  114  of  9,319 
tons  were  constructed  of  wood,  and  9  of  34,424 
tons  of  steel ;  70,  of  12,708  tons,  were  sailing 
vessels,  and  53,  of  31,035  tons,  steamers.  The 
bulk  of  the  tonnage — not  less  than  34,530 — was 
contributed  by  Atlantic  and  Gulf  ports,  the 
Great  Lakes  ranking  second  with  7,325  tons. 
The  biggest  vessels  in  the  record  are  Cramp's 
Red  Star  Liner  Finland,  of  12,760  tons  gross, 
and  the  Hawaiian  SS.  Company's  Texan,  of 
8,633  tons,  built  at  Camden.  The  most  notable 
ship  in  the  Hst  is  the  schooner  Thomas  W, 
Lawson,  of  5,218  tons  gross,  which  has 
been  built  at  Quincy,  Mass.  The  aggregate 
for  the  three  months  is  103,421  tons,  as  com- 
pared with  68,395  tons  in  the  corresponding 
period  of  last  year. 


Special  interest  attaches  to  the 

^^^^^m^^""^  ^^^^^^^    submitted    by    United 

States  firms  for  the  building  of 

a    i6,ooo-ton    battleship     for     the    American 


Navy,  as  the  private  firms  are  to  be  now 
compared  with  the  Government  establish- 
ments. The  New  York  Navy  Yard  is  the  first 
American  Government  establishment  now 
awarded  a  contract  for  a  new  warship.  Five 
private  firms  tendered  for  the  building  of  the 
16,000-ton  battleship.  The  Newport  News 
Company,  which  has  got  the  contract,  asked 
;^798,ooo,  and  promised  delivery  in  41  months  ; 
the  New  York  Company  ;^8o8,ooo,  and  stipu- 
lated 40  months ;  the  Fall  River  Company,  of 
Quincy  (Mass.)  ;^8 17,400,  and  42  months  ;  the 
Cramp  Company  ;^822,8oo,  and  42  months  ; 
and  the  Union  Iron  Works,  of  San  Francisco, 
;^83o,ooo,  and  42  months.  These  prices  are  all 
higher  than  for  corresponding  work  in  this 
country.  As  to  the  time  required  for  con- 
struction, the  new  battleships  of  the  King 
Edward  VII.  class  will  be  delivered  in  from  33 
to  36  months  from  the  date  of  the  contract.  In 
the  case  of  the  new  United  States  contract  ship 
the  Louisiana, \iis  intended  on  the  part  of  the  Navy 
Department  to  take  careful  records  of  actual  costs 
so  as  to  compare  them  with  the  cost  of  building 
the  sister  ship,  Connecticut,  in  the  Government 
yard.  The  penalty  for  late  delivery  is  ;^6o  per  day 
for  the  first  month  and  ;^i20  per  day  after  the 
lapse  of  the  month.  The  speed  is  to  be  eighteen 
knots  for  four  consecutive  hours,  and  the  penalty 
for  shortness  in  speed  is  ;^io,ooo  for  the  first 
J  knot  deficiency  and  ;^20,ooo  for  the  second 
\  knot,  after  which  it  will  be  at  the  discretion 
of  the  Secretary  of  the  Navy  to  accept  or  reject 
the  ship. 

An  interesting  vessel  has  left  the 
The  ••  Scotia."    Clyde  on  a  remarkable  voyage, 

viz.,  the  Scotia,  which  the 
Scottish  National  Antarctic  Expedition  have 
despatched  to  explore  the  South  Polar  region. 
The  Scotia  set  sail  under  the  leadership  of 
Mr.  Wm.  S.  Bruce.  The  ship  was  formerly 
a  Norwegian  whaler  named  the  Hekla,  but 
during  the  past  seven  or  eight  months  she  has 
been  so  thoroughly  overhauled  on  the  Clyde 
that  she  is  practically  a  new  vessel.  She  is 
now  a  barque-rigged  auxiliary  screw-steamer  of 
about  400  tons,  measuring  140  ft  by  29  ft.,  and 
drawing  about  15  ft.  of  water.  With  her  new 
engines  and  boiler  she  averaged  a  speed  of  over 


Digitized  by 


Google 


712 


Page's  Magazine. 


eight  knots  at  her  trial  trip.  In  spite  of  her  im- 
mense strength  the  Scotia,  whose  wooden  walls 
amidships  are  no  less  than  25  in.  thick,  is  a  well- 
modelled  craft,  with  fine  lines  to  meet  the  ice, 
backed  by  nine  feet  of  soUd  timber.  The 
leader,  the  captain,  and  the  scientific  staff  are 
accommodated  in  an  after-deckhouse,  the 
officers  in  a  comfortable  cabin  amidships, 
whilst  the  crew  are  quartered  in  the  forecastle. 
The  scientific  work  will,  be  carried  on  in  a 
deckhouse  amidships,  the  after-part  of  which 
forms  the  galley.  Here  there  is  good  light  for 
those  who  have  to  undertake  delicate  work, 
such  as  with  the  microscope,  hydrometer,  and 
other  finely  graduated  instruments.  A  second 
laboratory,  mainly  for  zoology,  lies  almost  im- 
mediately below  the  upper  one,  between  decks, 
and  is  reached  directly  from  the  upper  labora- 
tory. Adjacent  to  this  is  a  compact  and 
completely-fitted  dark-room  for  photography. 
Between  decks  there  are  two  great  drums,  each 
containing  6,000  fathoms  of  cable.  The  cable 
is  led  up  on  deck  to  a  specially  constructed 
40  horse-power  steam  winch,  thence  over  the 
side  of  the  ship  by  means  of  a  derrick,  for  the 
purpose  of  trawling  and  trapping  in  the  greatest 
depths.  The  roof  of  the  scientific  deck-house 
and  its  extension  in  the  shape  of  a  bridge  form 
a  centre  of  activity  for  the  scientists,  as  this  is 
where  all  the  operations  connected  with  sound- 
ing and  physical  investigation  of  the  ocean  will 
be  conducted.  The  Scotia  is  navigated  by 
Captain  Thomas  Robertson,  of  Peterhead,  who 
has  had  twenty  years'  experience  in  Arctic  seas, 
and  who  has  also  made  a  voyage  to  the  Antarctic. 
The  scientific  staff  consists  of  half-a-dozen 
picked  scientists,  four  senior,  and  two  junior. 
The  Scotia  makes  fii-st  for  the  Falkland  Islands, 
where  she  will  coal  up  before  plunging  into  the 
Polar  area. 

Steam-driven  winding  engines 
^^^windlnl.^**"'  ^^^   notoriously  and  inevitably 

extravagant  in  th^ir  steam 
demands.  Hence  it  is  that  any  really  efficient 
and  economical  substitute  would  be  heartily 
welcomed,  and  would  give  rise  to  considerable 
excitement  in  mining  circles.  This  is,  therefore, 
a  reason  why  just  now  so  many  mining  men 
are  looking  about   for  the   electrical  winding 


engine,  and  why  so  much  has  been  mooted  of 
late  about  electricity  applied  to  winding,  and 
why  generally  so    many  inquiries  are    being 
made  in  reference  to  this  matter.     For  were 
there  not  electrical  winding  plants  exhibited  at 
Diisseldorf?     And,  what  is  more,  plants  like 
those  exhibited,  or,  anyway,  like  some  of  them, 
are    actually  being    installed    in    some    large 
collieries  in  Germany.     The  idea  is  to  generate 
electricity  in  a  central  station  where  steam  may 
be  used  with    triple-expansion,    condensation, 
and  even    super-heating,    and    to    utilise    the 
electricity  for  winding  as  well  as  other  purposes. 
The  central  power  station  is  at  once  the  feature 
and  the  pride  of  many  a  German  colliery,  and, 
in  fact,  is  certain  to  astonish  any  visitor  from 
this  country  by  its  magnitude  and  the  exuber- 
ance of  the  equipment. 

The    largest   electrically-driven 

spicuous  exhibit  in  the  great 
machinery  hall,  but  destined  for  shaft  ZoUem  II. 
of  the  Gelsenkirchner  Mining  Company,  has  a 
maximum  capacity  of  2,800  h.p.  The  electrical 
portions  consist  of  two  direct  current  motors 
for  500  volt  current,  which  are  mounted  on  the 
same  shaft  as  the  winding  drum  or  pulley, 
and  a  buffer  battery  of  accumulators  numbering 
216  elements,  each  containing  nine  pans  of 
plates,  which  not  only  serves  to  ensure  a  good 
supply  of  power,  but  also  serves  to  regulate  the 
speed,  inasmuch  as  the  elements  are  arranged 
in  groups,  which  can  be  brought  into,  or  witli- 
drawn  from  operations  as  desired.  A  few 
elements  are  also  set  apart  to  serve  for  smaller 
operations,  such  as  changing  tubs,  etc. 

By  these  means  the  speed  can  be 
Atiahmbie       increased  or  decreased  in  stagesi 

such  as  6J,  13,  i6i,  19.!,  26-33 
feet  per  second,  which  is  the  maximum  speed 
to  be  adopted  in  ordinary  practice  to  begin 
with ;  but  the  presence  of  the  two  motors 
enables  a  still  greater  speed  to  be  attained,  for, 
by  coupling  them  up  in  parallel  the  ordinary 
maximum  can  be  doubled,  giving  increments  to 
39],  52^-65^  ft.  per  second.  Another  advantage 
of  having  two  motors  is  that  operations  can  go 
on  with  one  in  case  the  other  is  deranged,  for 
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even  with  a  diminished  output  it  is  better  than 
stopping  altogether.  Of  course,  there  are 
indicators  and  various  safety  appliances, 
whilst  the  manipulation  of  the  switches  is 
efFected  by  the  moving  backwards  and  forwards 
of  a  lever,  as  in  the  usual  course  of  events.  The 
switching  arrangements  being  installed  under  the 
engine-room  floor.  The  Koepe  system,  with  a 
drum  i9i  ft.  in  diameter  is  adopted. 


100  tons   of  coal  an   hour   from  a  depth  of 
2,297  ^t. 

The  factors  in  the  load  are  four 
The  Load.  waggon  loads  of  coal,  each  of 
io|  cwts.,  together  just  over  2 
tons  ;  tare  of  each  waggon  6|  cwts.,  together 
27  cwts.  ;  cage  and  accessories  over  3f  tons ; 
about  2,395  ft.  of  I J  inch  rope,  4^  tons  ;  total 
load  about  12  tons.     Speed,  52^  ft.  a  second. 


The  work  to  be  done  ultimately 
^**D^ne^***       is  to  wind  six  tubs,  each  holding 

13I  cwt.,  that  is  together  4  tons 
2i  cwt.,  from  a  depth  of  1,640  ft.  at  a  maximum 
speed  of  65^  ft.  a  second  in  the  quickest  part  of 
the  wind. 

The  second    large    electrically 

Winding  with    operated    winding   engine  was 
Three-phase  ,1  ,         .        •      ^t. 

Current.        only  shown  m  a  drawmg  m  the 

Diisseldorf  Exhibition,  as  it  was 
being  erected  at  Colliery  Preussen  II.  of  the 
Harpener  Mining  Company,  and  was  to  be 
finished  about  this  time.  In  this  instance  a 
three-phase  current  is  used  with  the  motor 
again  mounted  on  the  same  shaft  as  the  drum. 
The  current  is  supplied  to  the  fixed  portion  of 
the  dynamo  at  a  voltage  of  2,000,  and  is 
obtained  from  a  central  station,  in  which  there 
are  three  three-phase  generators  each  of  a 
capacity  of  550  kilowatts  when  running  94 
revolutions  a  minute.  They  are  run  in  parallel, 
and  also  provide  current  for  pumping  and  other 
purposes.  They  are  driven  by  an  800  h.p.  twin- 
coupled  horizontal  engine. 

The  regulation  of  the  speed  is 
Speed  Regulation,   effected  by  a  liquid  resistance. 

A  continuous  flow  of  soda  solu- 
tion is  maintained  in  ^  vessel  in  which  are  sus- 
pended the  electrodes.  The  bottom  of  the 
vessel  can  be  closed  by  a  valve  ;  the  liquid  then 
rises  in  the  vessel,  and  as  it  rises  the  resistance 
is  diminished  and  the  speed  increased,  or  vice 
versa.  The  valve  is  operated  by  ihe  chief 
working  lever.  The  variation  of  speed  depends 
upon  the  duty  of  the  circulation  pump,  and  is 
independent  of  the  engine-man.  Koepe  is  here 
again  the  system  employed,  and  the  drum  or 
pnlley  is  in  this  instance  also  19J  ft.  in 
diameter,  and  the  work  to  be  done  is  to  wind 


This  installation  is  really  being 
^oS^bts'*^  put  in  tentatively.  The  elec- 
trical folks  have  full  confidence, 
but  the  mining  men  are  not  quite  so 
confident ;  consequently  the  latter,  when 
providing  the  building  for  the  winding 
machine,  built  it  sufticiently  large  to  accommo- 
date one  of  those  fine  majestic  steam  winding 
engines  that  attracted  so  much  attention  at 
Diisseldorf.  The  effect  is  .very  strange,  the 
electrical  plant  looks  such  a  diminutive  appa- 
ratus in  the  big  hall  intended  for  its  colossal 
rival. 

The  third  striking  electrical 
Friction  Pulleys  winding  engine  produced  in 
Eiectrt^winding.  Germany  has  three  friction 
pulleys  in  one  plane^  each  a 
little  over  8  ft.  in  diameter,  around  which  a 
flat,  rope  winds,  passing  under  the  outer  pulleys 
and  over  the  middle  pulley,  which  is  placed 
above  the  other  two  and  is  directly  driven  by 
two  motors  mounted  on  the  same  shaft ;  the 
lower  pulleys  are  driven  indirectly,  the  tension 
of  the  rope  pressing  them  against  the  driving 
pulley.  Direct  current  is  used  at  500  volts,  and 
with  115  revolutions  per  minute  the  engine  can 
develop  200  horse-power.  The  starting  and 
regulation  of  speed  is  effected  by  an  inde- 
pendent engine.  The  engine  can  wind  13I  cwt. 
from  1,312  ft. 

It  is  interesting  to  compare  with 
m^tngEn^Z.  these  a  steam  winding  engine 
of  a  recent  type  such  as  was 
also  shown  at  the  Diisseldorf  Exhibition, 
and  an  example  of  which  could  be  seen 
working  at  a  pit  in  the  Westphalian  coal- 
field. The  one  exhibited  is  intended  for  the 
second  shaft  of  the  same  pit  of  the  Harpener 
Mining  Company — that  is,  Preussen  II.,  where 
the  three-phase  electric  plant  already  referred 
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to  is  now  installed.  This  winding  engine  is  on 
the  Thomson  system,  with  two  spiral  drums  on 
separate  shafts,  which  are  driven  by  an  inverted 
vertical  compound  engine,  ot  which  the  prin- 
cipal dimensions  are  as  follow  :  Diameter  of 
high-pressure  cylinder,  32-3  in.  ;  low-pres- 
sure, 45*2  in.  ;  stroke  of  piston,  102*3  i"-  The 
steam  pressure  is  to  be  180  lbs.  The  drums  are 
each  18  ft.  diameter  at  the  smaller  end,  33  ft. 
at  the  larger  end,  and  iij  ft.  in  width.  The 
total  weight  of  the  engine  is  470  metric 
tons. 

The  engine  is  to  wind  from 
Duty.  three  depths — these  are  2,625  ft., 

3,281  ft.,  and  3,937  ft.  respec- 
tively, and  the  useful  loads  to  be  drawn 
from  each  depth  are  8  tubs  of  coal  when 
working  from  the  shallower  depth,  6  tubs 
from  the  intermediate,  and  4  tubs  from  the 
maximum  depth.  Each  tub  of  coal  weighs 
II  cwt.,  so  the  loads  will  be  88,  66,  or  44  cwts., 
according  to  circumstances.  The  maximum 
speed  will  be  72  ft.  a  second,  and  the  mean 
speed  33  to  40  ft.  a  second.  It  was  very  im- 
pressive to  see  the  contrast  between  these  rival 
engines  intended  for  similar  work.  But  electric 
winding  can  only  be  regarded  as  barely  incepted; 
what  may  we  not  expect  ? 


The  salt  mines  of  Aussee,  in 
^^''^af Mine.'^''  Austria,     furnish    an    excellent 

example  of  the  successful  appli- 
cation of  electricity  in  mining.  Power  is 
obtained  from  a  head  of  water  with  a  430  ft. 
fall,  which  works  a  high-pressure  vertical 
tut  bine  at  1,100  revolutions  per  minute,  this  in 
turn  running  a  direct-current  dynamo   also   at 


1,100  revolutions.  The  power  transmitted  into 
the  mine  is  used  for  haulage,  drilling  and 
ventilation.  This  haulage  is  effected  by  a  two- 
axled  mining  locomotive  worked  by  a  (three 
horse  power)  direct  current  dynamo.  The  kx»- 
motive  makes  eight  journeys  in  a  shift  of  eight 
hours,  travelling  each  time  one  mile  and  drawing 
three  tubs  each  with  6  cwt.  load  ;  so  that  144 
cwt.  of  salt  are  delivered  by  it  during  the  shift. 
The  division  of  time  is  precisely  allotted. 
Of  the  480  minutes  of  the  shift,  40  minutes  are 
allowed  for  going  to  work  and  leaving  work, 
and  30  minutes  for  resting,  90  minutes  for 
cleaning,  lubricating,  testing  breaks,  etc, 
leaving  410  minutes  actual  working  time.  The 
current  also  works  rotary  drilHng  machines, 
two  of  2  h.p.  and  one  of  3  h.p. 

A  strange  strike  is  announced 
Mininfir  Students  from  Leoben  Mining  Academy, 
Mo'^^'work.  in  Austria.  The  students  have 
become  so  numerous  that  the 
accommodation  has  become  inadequate  and 
lectures  have  been  interrupted,  and  even  dis- 
continued, owing  to  overcrowding.  To  this 
the  students  took  exception,  and  went  on 
strike,  demanding  adequate  accommodation, 
and  a  proper  number  of  lectures.  They  elected 
representatives  to  confer  with  the  authorities 
and  the  district  council,  and  even  the  Govern- 
ment head  officials  have  been  approached,  and 
the  matter  will  receive  attention.  But  the 
students  have  been  warned  that  discipline  must 
be  maintained,  and  that  further  breach  might 
lead  to  the  closing  of  the  academy  for  the 
season.  So  peace  reigns  again  in  this  romantic 
corner  of  the  Austrian  Empire. 
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SIR   WILLIAM    PREECE   ON 
RAILWAYS    AND    TELEGRAPHS. 

A  T  the  first  ordinary  meeting  of  the  Society  of 
-^^  Arts>  held  on  Wednesday,  November  19th, 
the  chairman.  Sir  WilHam  H.  Preece,  K.C.B., 
F.R.S.,  gave  an  interesting  address  in  which  he 
dealt  \vith  the  causes  which  result  in  successful 
or  disastrous  financial  undertakings,  and  endea- 
voured to  show  that  the  commercial  conduct  of 
industrial  processes  arising  from  the  practical 
applications  of  discoveries,  follow  distinct  laws, 
which  may  be  said  to  constitute  a  *'  science  of 
business."  After  discussing  the  principles  which 
govern  the  establishment  of  public  companies, 
Sir  William  Preece  proceeded  to  survey,  from  a 
broad  and  general  point  of  view,  the  progress  of 
certain  industries  in  which  he  has  had  more  or 
less  personal  experience,  dealing  first  with  the 
supply  of  gas  and  water. 

RAILWAYS. 

The  ciuves  (fig.  i)  show  that  the  commercial 
soundness  of  the  railway  interests  in  the  United 
Kingdom  is  in  anything  but  a  satisfactory  con- 
dition. 

The  mileage  of  railways  open  is  22,078. 

The  capital  invested  is  ;f  1,195, 564,478. 

The  revenue  is  3^106,558,815  ;  ratio  to  capital, 

8*9  per  cent. 
The    expenditure    is   £67,489,739 ;     ratio    to 

revenue,  63*3  per  cent. 
The  profits  are  £39,069,976  ;   ratio  to  capital, 

3*27  per  cent. 
There  is  no  apparent  allocation  of  this  differ- 
ence to  depreciation,  reserve,  or  redemption  of 


capital.  While  capital  is  increasing,  and  the 
growth  of  traffic  both  in  passengers  and  goods  is 
satisfactory,  the  rate  of  growth  of  revenue  is 
stationary',  and  the  difference  between  expen- 
diture and  revenue  is  seriously  diminishing. 
The  consequence  is  that  dividends  are  also 
diminishing.  This  state  of  affairs  would  be  very 
serious  if  we  did  not  see  daylight  ahead. 

THE    ELEMENTS    OF    FINANCIAL    DISTURBANCE. 

What  are  the  causes  of  the  present  depression  ? 
The  first  cause  is  unquestionably  Parliament, 
which  legislates  for  the  railway  world  without 
the  least  regard  to  the  science  of  business  or  the 
ordinary  requirements  of  commercial  prudence. 
The  enforcement  of  cheap  fares  and  workmen's 
trains  at  the  expense  of  the  shareholders  is 
pandering  to  a  sentiment,  and  savours  of  a  bribe 
to  catch  votes. 

The  operation  of  the  Railway  and  Canal  Traffic 
Acts  of  1888  and  1892  forbids  our  railways  being 
worked^on  commercial  lines  so  far  as  goods  and 
mineral  traffic  are  concerned.  WTiat  is  to  be 
said  of  a  law  which  places  an  impediment  in  the 
way  of  reducing  rates  by  enacting  that  they  may 
not  be  restored,  if  their  reduction  be  found  not 
to  have  led  to  the  expected  result,  without  lia- 
bihty  to  an  expensive  law  suit  ?  Or  to  the 
refusal  of  permission  to  restore  the  rate  to  its 
old  figure  without  such  elaborate  proof  of 
change  of  circumstances  as  shall  satisfy  the 
Railway  Commissioners  that  it  is  right  to  do 
so  ?  Other  industries  could  not  live  if  exposed 
to  such  conditions,  and  their  effect  is  most 
detrimental  to  our  railways. 

The    Board    of     Trade    is  ceaseless    in    its 
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appDcation  of  new  regulations.  The  result  of  the 
control  of  this  Department  has  been  most 
beneficial  to  the  safety  of  the  travelling  public. 
The  lives  saved  annually  are  untold.  We  have 
every  reason  to  be  proud  of  the  security  of  our 
lines.  But  the  finances  of  oiu-  railway  com- 
panies have  been  sadly  dislocated  by  this  enforced 
incessant  expenditure,  and  our  managers  are 
much  exercised  to  determine  what  to  charge 
to  capital,  and  what  against  annual  revenue. 

LOCAL    TAXATION. 

The  local  authorities  and  municipalities  also 
are  insatiable  in  their  unscrupulous  assess- 
rcent  for  local  taxation.  The  growth  of  this 
sinm   on   the  n?somves  of   tlje   companies   is 
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second   masters.     If   this   were   submitted  to. 
chaos  and  bankruptcy  would  be  the  result 

THE    COMPETITION    OF    KLKCTRIC    TItAMWAYft. 

The  railways  are  now  subject  to  a  van- 
serious  competition  in  the  introduction  of 
electric  tramways  in  their  suburban  districts. 
The  American  railway  companies  have  reo^- 
nised  this,  and  they  have  not  only  electrified 
their  suburban  lines  but  they  have  developed 
a  tramway  system  themselves  to  act  as  feaier 
to  their  own  system,  and  to  enable  them  to 
close  stations  and  transfer  passenger  traffic  to 
street  tramways. 

Automobiles  will  also  certainly  interfere 
with  passenger  traffic. 


1900   I92« 


FIG.    I. 


r^.o  lavativni  ot  railways  has  in- 
.,'  \  :v»  vvut.  xi\  tho  last  decade,  while 
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RAILWAY    COMPETITION. 

But  the  most  serious  element  of  financial 
disturbance  is  competition  among  the  great 
railway  companies  themselves.  The  demand 
for  increased  speed  and  greater  comfort  ha> 
led  to  new  stations,  big  hotels,  larger  loco- 
motives, superior  coaches  of  greater  capacity, 
heavier  rails,  straightened  curves,  revised 
gradients,  and  reduced  distances.  Capital  has 
been  increased  without  the  productive  increase  of 
traffic  or  earning  power,  for  the  expenditure 
is  caused  chiefly  by  the  necessity  to  hold  one's 
own. 
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THK    RKMKDY. 


Now,  what  is  the  remedy  ?  I  am  no  believer 
in  the  conception  that  electricity  is  to  be  the 
panacea  for  every  evil.  There  is  Uttle  sign 
at  present  of  our  being  able  to  work  main  lines 
economically  by  electric  traction.  When,  how- 
ever, a  line  worked  by  steam  is  congested,  and 
you  can  get  no  more  trains  through,  as  it  is  on 
our  Metropolitan  underground  lines,  and  as  it 
is  on  many  suburban  lines,  then  electric  traction 
comes  in  to  increase  the  speed  of  running,  to 
enlarge  the  carrying  capacity  of  the  line,  and  to 
reduce  the  working  expenses. 

The  true  remedy  is  co-operation  and  com- 
bination among  the  great  railway  companies 
themselves,  and  if  the  railway  companies  dp 
not  realise  this  fact,  and  set  to  work  to  put 
their  houses  in  order,  they  will  find  that  the 
last  and  least  desirable,  but  most  effective 
measure  will  be  enforced  upon  them  by  public 
opinion — the  financial  control  of  the  railwa}^ 
by  the  State. 


TKLKQIIAPH8. 

Fig.  2  is  a  diagram  of  the  business  of  the 
Electric  and  International  Telegraph  Company 
from  the  year  1857  to  its  transference  to  the 
Government.  It  shows  steady  progress  and 
financial  prosperity,  following  the  logarithmic 
curve.  The  Government  made  a  good  bargain 
in  its  purchase ;  it  is  the  fashion  to  depreciate 
this  purchase.  Indeed  it  is  the  inalienable 
right  of  virtually  half  the  British  race  to  decry 
the  action  of  the  other  half.  Facts  have  no 
effect  on  party  bias.  The  £5,715,000  paid 
by  the  Government  for  the  telegraphs  are  now 
worth  £30,000,000,  and  no  one  believes  it !       « 

Fig.  3  shows  the  growth  of  this  General  Post 
Office  business.  It  also  obeys  the  logarithmic 
law.  There  is  no  capital.  Everything  is 
charged  to  revenue.  The  working  expenses 
are  apparently  very  high,  but  if  they  were 
taken  as  they  should  be,  at  a  fair  commercial 
figure*,  say  57^  per  cent.,  the  profit  would  be 
considerable. 
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TKLKPHONB8. 

The  telephone  business  of  this  country 
defies  diagramatic  analysis.  It  has  had  a 
curse  upon  it  from  its  first  introduction.  It 
is  now  in  a  state  of  chaotic  confusion.  It 
has  been  the  shuttlecock  of  politicians,  and  the 
football  of  local  authorities.  The  attempt  to 
force  it  on  the  municipalities  is  likely  to  prove 
a  failure.  Tunbridge  Wells  has  lamentably 
broken  down.  It  is  an  imperial  business,  a  part 
and  parcel  of  the  business  of  the  Post  Oii^ce, 
and  the  only  possible  solution  of  the  present 
deadlock  is  for  the  Government  to  cut  the 
Gordian  knot  and  take  over  the  business  in 
1911. 

DKDUCT10N8. 

In  all  well  conducted  businesses  profit  is 
usually  distributed  to  meet : — 

1.  Depreciation — which  is  a  term  applied  to 
the  diminution  of  the  value  .of  the  plant  as  a 
whole,  due  to  time  and  work  acting  upon  it,  and 
finally  causing  its  complete  decay. 

2.  Renewals — which  is  a  term  applied  to  the 
periodical  replacement  with  new  materials  of 
the^  parts  of  the  plant  that  wear  out  most 
rapidly. 


3.  Reserve — ^which  is  a  fund  invested  cuUidi 
the  business  formed  as  a  species  of  insurance  to 
be  prepared  for  emergencies,  accidents,  and 
fires,  and  to  meet  what  we  call  in  England 
antiqtiation  of  plant,  or  what  they  call  in  the 
United  States  betterment  of  plant. 

4.  Redemption — ^which  is  the  formation  ot  a 
sinking  fund,  in  the  course  of  time  wiping  out 
the  capital  raised  by  loan  or  subscription. 

5.  J)ividefuis  and  bonuses — which  are  the  dis- 
tribution to  shareholders  in  cash  of  the  surplus 
of  the  profit  earned. 

Sound  finance  means  a  proper  appreciation 
of  all  these  points,  and  a  due  and  proper  alloca- 
tion of  a  portion  of  the  annual  revenue  to  mett 
each  requirement.  Practice  is  very  variable. 
Different  businesses  require  different  treatment. 

In  electrical  industries  depreciation  and 
renewals  must  be  continuous,  and  must  be 
the  first  charge  against  revenue.  Electric 
plant  must  be  maintained  in  absolute  perfect 
order  up  to  the  hilt,  otherwise  it  fails  to  be 
productive,  and  rapidly  becomes  very  ineffi- 
cient. Hence  depreciation  and  rene>^'als  are 
provided  for  in  the  ordinary  annual  main- 
tenance expenditure.  Reserve  fund  is,  ho^'ever. 
essential   in   all   growing    businesses,    and  the 
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soundness  of  the  financial  control  is  shown 
more  by  the  condition  of  the  reserve  fund 
than  by  any  other  monetary  sign. 

MUNICIPAL     UNDKRTAKING8    AND     THK     RKDEMP- 
TiON    OF    CAPITAL. 

Redemption  of  capital  is  a  compulsory 
feature  of  municipal  undertakings,  erected 
with  capital  borrowed  under  the  authority 
of  the  Local  Government  Board.  The  rate  at 
which  the  loan  is  redeemed  is  determined  by 
the  nature  of  the  work  undertaken.  The 
present  rule  is  for— land,  60  years ;  ,  buildings, 
30  years ;  machinery,  15  years  ;  electric 
mains,  30  years.  No  dividends  or  bonuses  are 
allowed  in  such  municipal  industries.  The 
profits  are  devoted  to  the  amelioration  of  the 
rates,  but  in  all  businesses  established  by  private 
enterprise  tmder  the  Limited  Liability  Act  the 
surplus  profits  are  distributed  as  dividends  and 
bonuses. 

THK    FORMATION    OF    RK8KRVK    FUNDS. 

The  formation  of  a  good  reserve  fund  is 
imperative  in  all  undertakings  dependent  on 
moving  machinery,  for  invention  is  so  prolific 
and  improvements  so  rapid  that  antiquation  is 
soon  reached  and  betterment  needed.  It  is 
also  necessary  in  the  case  of  private  undertakings 
established  under  the  Tramways  or  under  the 
Electric  Lighting  Acts,  for  in  those  cases  at 
stated  periods  the  municipaUty  has  the  power  to 
take  possession  of  the  business  at  its  then  value 
of  the  plant,  and  no  allowance  is  made  for 
goodwill  or  compulsory  purchase.  Sound 
finance  seems  to  show  by  experience  that  2  J  per 
cent,  on  the  capital  is  about  the  average  amount 
that  should  be  allowed  annually  to  form  a 
substantial  reserve. 

There  are  risky  adventvues,  hke  submarine 
cables,  where  larger  amounts  should  be  put 
aside.  The  Eastern  Telegraph  Company  is 
an  admirable  instance  of  soimd  finance.  It 
has  been  in  existence  for  thirty  years.  Its 
invested  general  reserve  fimd  amounts  to 
£1,164,673  2S.  2d.  Its  capital  is  £10,249,170^ 
Its  gross  revenue  is  £1,200,000. 

THK     NKCB88ITY     FOR     UP-TO-DATK     MACHINKRY. 

The  value  of  scrapping  is  not  appreciated  in 
England,     In  America,  when  a  new  process  is 


introduced,  which  effects  considerable  economy 
in  production,  it  can  be  shown  by  simple  calcu- 
lation that  it  is  wise  and  commercial  to  sweep 
away  the  old  plant  and  install  the  new ;  and 
this  is  done.  English  manufacturers  are  most 
tenacious  of  old  machinery.  I  have  seen  old 
Boulton  and  Watt  machinery  at  work  that 
absorbed  annually  an  excess  of  coal  and  oil 
costing  sufficient  money  to  have  justified  its 
removal  a  generation  ago.  But  it  is  in  the 
increased  rate  of  production  that  justification 
for  scrapping  comes  in. 

The  American  does  not  wait  imtil  a  machine 
is  worn  out  before  condemning  it.  As  soon  as  he 
reahses  the  fact  that  up-to-date  machinery 
will  save  him  in  time  and  labour  enoXigh  to 
justify  new  plant,  away  goes  the  old  plant,  and 
the  value  of  the  new  is  soon  repaid  by  greater 
production.  In.  the  majority  of  cases  the 
"  betterment  "  of  machinery  is  charged  against 
revenue,  but  it  is  easy  to  justify  its  charge 
against  capital  if  the  value  of  the  increased 
production  exceeds  the  interest  on  the  sum  of 
the  capital  invested  in  the  old  and  in  the  new 
plant.  However,  the  judicious  manufacturer 
should  be  fortified  with  a  reserve  fund  to 
provide  against  antiquation  and  provide  for 
betterment. 

CO-OPKRATION    AND    COMBINATION. 

There  seems  something  radically  wrong,  from 
a  scientific  point  of  view,  in  some  of  these  gigantic 
"  combines  "  that  have  originated  in  the  U.S.A. 
It  is  startling  to  find  that  each  holder  of  £1,000 
in  the  White  Star  Line  will  receive  £14,265  for 
his  share  from  the  new  Atlantic  Shipping  Com- 
bine. Upon  what  capital  is  profit  to  be  dis- 
tributed which  will  enable  the  new  holder  of 
£14,265  to  be  as  happy  as  the  late  holder 
of  £1,000  ?  Whence  are  the  new  profits  to 
come  ? 

It  is  not  even  dear  where  the  money  is  to 
come  from  (or  the  traffic  to  pay  that  money)  to 
gain  any  profit  whatever  on  the  millions  pro- 
jected to  permeate  the  soil  of,  London  with 
"  tubes." 

On  the  other  hand,  combinations  and  co- 
operative societies,  associated  with  a  judicious 
system  of  management,  must  offer  considerable 
economic  advantages  in  encouraging  production, 
maintaining  fair  prices,  securing  good  markets. 
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and  adjusting  a  margin  between  expenditure 
and  revenue  which  will  satisfy  buyer  and 
seller. 

The  key  of  commercial  success  is  the  discover>' 
or  construction  of  a  new  market,  aided  by  a  cheap 
and  reliable  mode  of  distribution.  The  parcel 
post  is  the  most  efficient  means  at  our  disposal 
to  distribute  the  products  of  home  industries 
throughout  the  United  Kingdom.  Every  town 
and  every  house  thus  becomes  a  new  market. 
We  have  to  educate  heads  of  families  in  these 
facts  ;  and  this  can  be  done  by  societies  and 
local  industrial  exhibitions.  Advertising  is  now 
a  science. 

WAMTKD-A    •BTTKR    OONSULAII    •mviCK. 

The  crying  demand  of  our  countrymen  abroad 
is  for  representatives  who  will  make  the  interests 
of  the  British  merchant  their  own.  What  the 
merchant  wants,  to  secure  him  an  equal  chance 
for  business  with  the  rest  of  the  world,  is  broad- 
minded  and  energetic  Consuls,  and  from  the 
facts  I  have  detailed  above,  it  would  seem  as  if 
there  existed  sound  cause  for  recommending  a 
great  deal  of  the  American  method  in  the  con- 
stitution and  working  of  a  new  commercial 
Consular  service,  whose  motto  should  be, 
**  EngUsh  Trade  and  Commerce,  First,  Last,  and 
all  the  Time." 

The  Germans  have  an  admirable  Intelligence 
Department  all  over  the  world.  If  any  electric 
development  is  foreshadowed  or  suggested  in 
any  one  of  our  colonies,  especially  those  in 
which  my  firm  acts  as  consulting  engineer,  we 
at  once  receive  intimation  of    the   fact   from 


Germany  and  often  from  America.  We  never 
once  have  received  similar  information  from 
any  British  source ! 


THE  EFFECT  OF  SEGREGATION  ON 
THE  STRENGTH  OF  STEEL  RAILS- 

A  T  a  meeting  of  the  Society  of  Engineers, 
-'^  held  at  the  Royal  United  Service  Institu- 
tion, Whitehall,  on  November  3rd,  a  paper  was 
read  on  the  above  subject  by  Mr.  Thomas 
Andrews,  F.R.S.,  M.Inst.C.E.,  F.C.S. 

The  author  observed  that  in  the  course  of  his  wide 
experience  as  consulting  analytical  chemist  and  metal- 
lurgical testing  engineer  to  several  English  railway 
companies,  he  had  had  exceptional  opportunities  of  study- 
ing some  of  the  sources  of  weakness  leading  to  tht 
fracture  of  steel  rails.  In  order  to  more  fully  investigate 
on  a  large  scale  some  of,  the  causes  of  the  loss  of  strength 
in  such  rails,  he  undertook  a  careful  research  on  the 
effect  of  segregation  on  the  strength  of  steel  rails. 

Some  idea  of  the  magnitude  of  the  experiments  will  be 
obtained  when  it  is  stated  that  they  have  taken  nearly 
seven  years  to  carry  out,  and  that  in  the  course  of  research 
complete  chemical  analyses,  physical  tests  and  high  power 
microscopic  examinations  have  been  made  on  a  vert- 
considerable  number  of  steel  rails,  the  samples  experi- 
mented upon  having  been  selected  from  large  bulks  of 
rails  as  supplied  to  various  railway  companies. 

The  general  results  of  the  research  have  shown  the 
importance,  in  the  interests  of  the  public  safety,  of 
railway  companies  having  careful  chemical,  physical,  and 
microscopic  tests  regularly  made  on  rails,  selected  from 
the  bulk  after  delivery  to  the  railway  companies,  prior  to 
their  going  into  main  line  service,  so  that  a  tendency  to  a 
locally  segregated  chemical  composition  may  be  detected 
and  avoided.  Much  may  be  done  in  avoiding  a  segrega- 
ted condition  in  rails  by  having  them  made  in  accordance 
with  the  author's  chemical  and  physical  specification 
and  tests. 
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A  Monti&ly  Review  of  the  leading  papers  read  before  the  various  Engineering  Technical 

Insiittstions  of  the  Continent. 


ELECTRO-MAGNETIC  ORE  PREPARATION. 

ANOTEWORTHY  feature  at  the  Diisseldorf 
Exhibition  were  the  plans,  shown  by 
the  Maschinenbau-Anstalt  Humboldt,  of  the 
electrc-magnetic  ore  preparation  plant  for  the 
San  Fix  tin  mines,  Spain,"  remarks  Engineer  Fr. 
Frolich,  of  Berlin,  in  a  paper  to  the  Verein 
Deutscher  Ingenieure, 

Tlie  ore  from  the  washery  is  first  dried  in  a 
hot  coil,  the  steam  given  off  being  drawn  away 
by  a  fan.  By  means  of  a  bucket-chain  the  coil 
delivers  the  dried  ore  into  a  Skbtrommel,  or 
screening  driim,  with  3-millimetre  (baiely  iin.) 
holes,  what  does  not  pass  through  being  crushed 
between  rollers  and  again  brought  up  to  the 
screen.  The  ore  that  passes  through  is  then 
separated  in  another  screening  drum  into  grains 
of  three  sizes,  each  being  further  treated  inde- 
pendently. The  separators  are  electro-magnets, 
through  whose  magnetic  field  the  ore  is  led  by 
a  band  travelling  on  rollers ;  and  these  magnets 
are  in  each  case  arranged  three  together,  one 
behind  the  other.  The  separated  particles  are 
taken  off  by  cross  bands  that  are  brought  up 
under  the  magnet  poles,  while  what  remains, 
which  is  less  niagnetic,  is  dealt  with  a  second 
time  by  more  powerful  magnets. 

The  plant,  which  has  been  in  operation  with 
good  results  since  the  beginning  of  the  present 
year,  is  so  compact  that  it  occupies  but  little 
ground  space. 


U6HT,  HEAT  AND  POWER  FROM  ALCOHOL. 

'T^HE    international    competition  of    motors 

-^      and  other  appliances  utilising  methylated 

alcohol  for  industrial  purposes,  lately  held  in 


Paris,  formed  the  subject  of  two  communica- 
tions  to  the  Societe  des  Ingenienrs  Civils  dc 
France,  one  by  M.  G.  Coupan  on  motors,  and 
the  other  by  M.  G.  Arachequesne  on 

UGHTINa    AND    HBATING. 

The  recent  exhibition,  he  observes,  was  a 
decided  triumph  for  appliances  using  debased 
spirit  for  producing  heat  and  light  ;  and  the 
main  question  as  to  the  possibility  of  lighting 
by  alcohol  is  now  settled,  leaving  only  the  best 
solutions  of  that  problem  to  be.  discussed  from 
the  standpoints  of  safety  and  economy.  The 
degree  of  safety  against  fire  and  explosion  has 
been  greatly  increased  ;  and  it  is  not  too  much 
to  say  that  at  present  alcohol  appHances  entail 
less  danger  from  explosion  than  do  those 
burning  gas  or  petroleum  spirit,  while  the 
alcohol  flame  is  more  easily  extinguished 
(by  water,  generally  at  hand),  than  is  that  of 
rock-oil. 

Whether  for  lighting  or  heating,  the  alcohol 
must  be  burnt,  which  is  an  easy  matter ;  but  the 
combustion  is  due  to  two  different  principles 
(i)  direct  ignition  of  the  liquid  spirit,  and  {2) 
ignition  of  the  spirit  previously  vaporised. 
Appliances  depending  upon  the  first  of  these 
principles  may  be  again  divided  into  those  with 
(a)  open  vessel?,  in  which  the  spirit  is  ignited 
directly ;  (6)  closed  vessels  in  which  it  is 
ignited  at  the  end  of  a  cotton  wick ;  and  (c) 
vessels  in  which  it  is  ignited  after  having  been 
previously  absorbed  by  a  porous  substance. 

Appliances  burning  alcohol  previously 
vaporised  are  practically  gas-works,  in  which 
the  retort  and  pipes  are  replaced  by  a  small 
boiler  where  the  spirit  is  turned  into  gas  ;  but 
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what  distinguishes  one  from  another  is  the 
method  of  feeding,  whether  by  wick  or  pressure, 
and  especially  the  mode  of  heating.  Indeed, 
it  is  the  mode  of  heating  which  permits  of 
sub-dividing  these  appliances  into  four  classes, 
according  as  the  spirit  is  vaporised  by  {(f)  a 
permanent  pilot-flame  ;  (e)  a  shunt,  or  subsidiary 
flame  ;  (/)  its  own  flame ;  or  (g)  regeneration 
by  conduction. 

Conformably  with  theory,  heating  and 
lighting  appliances  that  bum  carburised 
alcohol  are  more  economical  than  those 
utilising  the  spirit  simply  debased,  which 
should  be  preferred  for  domestic  purposes 
owing  to  its  high  degree  of  safety,  whereas 
the  former  is  to  be  recommended  for  use  under 
pressure,  for  intensive  public  lighting,  and  for 
automobiles,  especially  in  cold  climates. 

MOTIVK    POWKR. 

Trials  of  explosion  motors  soon  showed 
(observed  M.  Coupan)  that  the  volume  of  air 
incorporated  with  the  combustible  substance 
exerts  a  marked  influence  on  the  motor's 
economical  working,  and  that  the  utilisation  of 
the  combustible  is  at  its  maximum  when  the  pro- 
portion of  air  in  the  explosive  mixture  is  appre- 
ciably greater  than  that  given  by  calculation 
according  to  the  chemical  reaction.  So  long, 
however,  as  gas,  petroleum,  shale,  etc.,  were  the 
only  combustible  substances  practically  em- 
ployed for  explosion  motors,  no  attempt  was 
made  to  exactly  determine  the  proportions  in 
which  the  substances  should  enter  into  the 
explosive  mixture  for  ensuring  complete  utilisa- 
tion ;  but,  directly  attempts  were  made  to 
substitute  alcohol  for  raw  or  rectified  petro- 
leum, it  became  necessary  to  study  the  phe- 
nomena characterising  its  combustion,  because 
unexpected  difficulties  were  encountered,  such 
as  the  fouling,  setting  fast,  and  even  corrosion 
of  the  valves. 

It  appears  from  the  united  investigations  of 
M.  Sorel  and  M.  Ringelmann  that  the  combus- 
tion of  alcohol  can  never  be  absolutely  complete, 
however  perfect,  as  regards  the  proportion  of 
combustible  and  supporter  of  combustion,  by 
the  composition  of  the  explosive  mixture,  appre- 
ciable traces  of  acetic  acid  being  always  found 
in  the  exhaust  products.  This  is,  however,  but 
a  minor  difficulty,  as  the  consequent  loss  of 
alcohol  is  very  slight  ;  and  this  acid  does  not 


appear  to  corrode  the  parts  of  the  motor,  at  any 
rate  while  working,  while  lubricating  the  cylinder 
after  each  stoppage  is  sufficient  to  prevent  the 
corrosion  due  to  prolonged  contact  between  the 
metal  parts  and  the  condensed  products  cor- 
taining  acetic  acid. 

Analyses  of  the  exhaust  gases  have  sho\»-n 
that,  without  the  proper  proportion  of  air,  part 
of  the  hydrogen,  and  especially  of  the  carbon, 
contained  in  carl3urised  or  uncarburised  alcohol 
is  entirely  unutilised,  the  loss  being  spedaily 
high  in  light  fast-running  engines.  In  heavy 
motors  the  combustion  was,  in  most  cases,  found 
to  be  practically  perfect  when  the  proportion  of 
air  in  the  explosive  mixture  was  17  times  that 
theoretically  necessary ;  but  above  and  below  this 
proportion  the  combustion  was  imperfect,  the 
degree  of  utilisation  becoming  more  and  more 
defective  as  the  theoretical  proportion  u-as 
approached.  Accordingly,  whatever  be  the 
mode  of  regulating  the  motor,  the  carburiser 
should  be  capable  of  sending  into  the  cylinder 
a  quantity  of  alcohol  corresponding  with  the 
best  degree  of  carburisation,  determined  in 
accordance  with  the  cylinder's  capacity,  account 
being  also  taken  of  the  excess  of  air  normally 
required  for  the  combustion. 

The  carburiser  preferred  by  the  author  is 
,one  which  automatically  injects  the  requisite 
quantity  of  alcohol,  in  a  liquid  siaU^  into  a 
chamber  where  the  volatilisation  and  mingling 
with  air  are  effected  ;  and  the  organ  for  injec 
tion,  or,  more  correctly,  mechanical  distribution, 
should  be  susceptible  of  regulation,  so  as  to 
permit  of  determining  empirically  the  exact 
quantity  of  alcohol  necesssary  for  each  explo- 
sion, whOe  leaving  every  latitude  for  use  in  the 
motor  of  various  kinds  of  combustible  substances. 
Provided  well  -  designed  carburiser s  and 
vaporisers  be  employed,  M.  Coupan  concludes 
that  alcohol  may  be  regarded  as  a  good  agent 
for  producing  mechanical  energy. 


DETERMINATION  OF  A  COAL  S  HEATING 
POWER. 

/^ALORl METRIC  determinations  by  the 
^^  Mahler  shell  have  often  shown  great 
divergence  between  actual  calorific  powers 
and  those  found  by  calculation  with  the  aid 
of  formulae  proposed  up  to  the  present 
time,  all    of    which    have    been    successively 
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abandoned  by  M.  Goutal  (whose  note  on 
the  subject  was  brought  before  the  Paris 
Academy  of  Science  by  M.  Adolphe  Carnot) 
on  account  of  their  inaccuracy  or  their  being 
based  on  delicate  and  complicated  deter- 
minations. Inasmuch,  however,  as  the  ascer- 
taining of  a  coaFs  calorific  value  by  simple 
calculation  appeared  to  possess  a  certain  indus- 
trial interest,  the  author  endeavoured  to  establish 
a  relation  between  this  calorific  value  and  the 
results  afforded  by  actual  testing— />.,  by 
calcination,  incineration  and  dessication— for 
determining  the  fixed  carbon,  the  volatile 
matter  and  the  humidity. 

After  having  experimented  with  600  samples 
of  coal  from  various  sources,  M.  Goutal  became 
convinced  that  the  results  may  be  expressed 
with  near  approximation  by  the  formula — 

P  =  82  C  +  aV, 
in  which  P  is  the  calorific  value  sought,*  C  the 
proportion  in  hundredth  parts  of  fixed  carbon,  V 
that  of  the  volatile  matter,  and  a  a  variable 
multiplier,  function  of  the  volatile  matter  con- 
tent,- V*,  free  from  ash  and  water,  while 

V»  =  100—^- 
C  -f  V 

For  experimentally  determining  the  value  of 
a  for  various  fuels,  the  author  constructed  a 
graphic  diagram  from  the  results  of  his 
numerous  tests,  taking  the  volatile  matter  con- 
tents, V*,  for  the  abscissae,  and  the  corres- 
ponding values  of  a,  deduced  from  the 
calorimetric  combustions,  for  the  ordinates,  this 
co-efficient  assuming,  for  volatile  matter  con- 
tents of  5,  10,  15.  20,  25,  30,  35,  and  40,  the 
respective  values  of  145,  130,  117,  109,  103,  98, 
94, 85,  and  80  calories.*  For  the  anthracites  a 
is  represented  by  a  constant  equal  to  100 
calories,  the  formula  becoming 

P  =  82  C  -fioo  V. 

In  thus  calculating  the  calorific  power  of  a 
coal,  the  error  rarely  exceeds  i  per  cent,  of  the 

*  The  author  01  this  paper,  M.  K.  Guuiai,  head  ui  ihc 
chemical  laboratory  at  the  Paris  School  of  Mines,  has 
kindly  explained  that,  although  the  calorific  power  of 
coiils  is  generally  (in  France)  given  in  calories  per  kilo- 
gramme, this  is  not  the  case  for  the  values  of  a  in 
question.  The  latter  correspond  with  the  results  of 
analyses  expressed  in  hundredth  parts — in  the  present 
case  1,000-7-  too  =  10  grammes  (Joz.).  To  render  these 
values  comparable  with  the  usual  measurements  they 
must  therefore  be  multiplied  by  100,  giving  14,500, 13,000, 
11,700,  10,900,  10,300,  9,8ou,  9,400  8,500,  and  8,000 
calories  per  kilogramme.  For  obtaining  the  equivalent 
British  thermal  units  it  is  sufficient  to  multiply  these 
figures  by  r8. 


real  value  ;  but,  as  an  exception,  it  is  greater 
than  2  per  cent,  in  the  case  of  some  anthracites 
and  some  lignitous  coals,  the  value  of  which 
can  only  be  ascertained  by  the  calorimeter. 

The  mean  calorific  power  of  pure  anthracite 
is  8,250  calories  per  kilogramme  (14,850  B.T.U. 
per  lb.) ;  that  of  the  anthracitous  coals,  for 
which  V'  varies  from  5  to  10  per  cent.,  is  8,550 
calories  per  kilogramme  (15,390  B.T.U.  per  lb.); 
and  it  attains  a  maximum,  8,700  calories  per 
kilogramme  <i5,66o  B.T.U.  per  lb.),  in  the  case 
of  coals  for  which  V  is  comprised  between  10 
and  30  per  cent. 

It  follows  that  the  calorific  value  of  coals 
increases  in  inverse  ratio  to  that  of  their 
volatile  matters  up  to  the  limit  content  of  30, 
after  which  the  calorific  value  of  natural  fuels 
and  that  of  their  volatile  matters  decrease 
together. 

ALUHINOTHERMY. 

THIS  term  is  given  by  Dr.  Hans  Goldschmidt, 
of  Essen-an-der-Ruhr,to  a  process  applic- 
able to  the  reduction  of  metals  and  heating  of 
metal  parts,  which  is  founded  on  exothermic  reac- 
tion, progressive  and  practically  spontaneous  ; 
and  the  name  was  chosen  because  aluminium  has 
been  found  to  be  the  metal  of  moderate  cost 
which,  owing  to  its  affinity  for  oxygen  or  the 
high  degree  of  heat  given  out  during  its  com- 
bustion, best  serves  in  most  cases  as  the 
reducing  agent  in  practical  applications  of  the 
process.  According  to  Herr  Strauss*  investiga- 
tions the  combustion  heat  of  aluminium  is  7,140 
calories  per  kilogramme  (12,852  B.T.U.  per  lb.), 
coming  immediately  after  hydrogen,  34,200 
calories  (61,560  B.T.U.),  and  carbon,  8,317 
calories  (14,970  B.T.U.),  being  greater  than 
that  of  the  other  metals  or  metalloids.  Alu- 
minium may,  however,  and  must  even  in  some 
cases,  be  replaced  by  another  metal,  so  that  the 
field  covered  by  aluminothermy  is  more  exten- 
sive than  that  implied  by  the  term. 

PRINCIPLK    OF    THE    PROCESS. 

If  with  a  pulverulent  metallic  compound — 
oxide,  sulphate,  etc. — be  intimately  mixed  a 
metal  in  the  state  of  powder  whose  affinity  for 
oxygen,  sulphur,  etc.,  is  greater  than  that  of  the 
combined  metal,  and  if  the  mixture  be  heated, 
so  soon  as  the  mass  attains  a  certain  temper- 
ature depending  on  the  nature  of  the  substances, 
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a  reaction  with  disengagement  of  heat  will  take 
place  ;  the  oxygenated  or  sulphated  substance 
will  be  decomp3sed,  and  the  metal  that  was  in 
combination  will  be  set  free,  while  the  oxygen 
or  sulphur  will  combine  with  the  free  metal. 

This  would  appear  to  be  a  metallurgical  pro- 
cess suitable  for  extracting  metals  from  their 
ores  without  coal ;  but  the  reaction  is  so  violent 
as  to  throw  forward  to  waste  part  of  the  sub- 
stances, while  rapidly  destroying  the  receiver 
containing  the  mixture.  Dr.  Goldschmidt  has, 
however,  found  that  this  difficulty  ceases  if, 
instead  of  heating  the  whole  mass,  the  reaction 
be  merely  set  going  by  raising  a  point  in  the 
mass  to  the  desired  temperature.  With  a  suit- 
able mixture  the  heat  given  out  by  the  local 
reaction  thus  produced  is  sufficient  to  raise 
neighbouring  parts  to  the  reaction  temperature, 
so  that  the  action  of  the  reducing  metal  is 
gradually  propagated  throughout  the  mass 
without  any  extraneous  heat 

APPLIOATIONS. 

Although  this  process  is  of  comparatively 
recent  invention,  its  applications  are  both 
numerous  and  varied  ;  and  it  has  now  entered 
into  current  practice  for  welding  metal  parts,  the 
repair  of  forged  and  cast  objects,  the  making  of 
complete  spare  parts,  and  the  production  of 
metals  and  alloys  free  from  carbon.  By  the 
reaction  of  aluminium  on  the  oxides  this 
process  also  produces  artificial  corundum  as  a 
by-product ;  and  Dr.  Wolff  lately  proposed  to 
apply  it  to  the  production  of  calcium  carbide 
without  employing  the  electric  current 

PRINOIPAL  AOVANTAQI8. 

I.  The  metals  and  alloys  produced  by  this 
process  are  free  from  impurities,  especially 
carbon,  since  that  element  does  not  enter  into 
the  reaction  mixture.  It  is  also  asserted  that 
they  are  almost  free  from  aluminium,  which 
circumstance  is  all  the  more  remarkable  because 
that  sut>stance  is  classed  among  the  metals 
that    can   most  readily  be  allied  to  others. 

J.  The  inventor  claims  that,  by  employing 
suitable  oxides,  the  highest  possible  tempera- 
tures may  be  obtained  without  cumbrous 
appliances,  while,  on  the  other  hand,  the  sul- 
phates afford  the  low  temperatures  that  may  be 
required  for  some  applications. 


3.  It  is  possible  to  exactly  determine  before- 
hand, and  within  the  widest  limits,  the  heat  to 
be  given  out  by  the  reaction,  its  degree  only 
depending  on  the  nature  and  quantity  of  the 
substances  present,  and  also  to  regulate  the 
temperature  obtained,  that  depends  on  the  heat 
given  out  and  the  mass  of  matter  over  which  it 
is  distributed. 

OONOLUMONft. 

These  observations  are  contained  in  a  com- 
munication to  the  French  Civil  Engineers'  Socidy 
by  M.  H.  Bertin,  who  went  on  to  describe  in 
detail  the  modes  of  practically  applying  the 
process,  dealing  inter  alia  with  the  substances  to 
be  employed,  starting  the  reaction,  casting,  pre- 
paration of  the  metals  and  alloys,  autogenous 
welding  and  welding  with  thermit,  as  also  their 
advantages,  and  concluding  that  Dr.  Gold- 
schmidt's  discovery  is  probably  destined  to  take 
an  important  place  in  metallurgical  practice. 


SUPPRESSION  OF  BELTS   FOR  DRIVING 
DYNAMOS,  ETC. 

TIIT'ITH  an  intermediate  shaft  for  driving,  the 
^  ^  pulleys  require  frequent  attention,  while 
the  belts,  having  indifferent  adhesion,  slip  and 
sag,  so  that  jthe  efficiency  is  low ;  and,  in  the  case 
of  electric  lighting,  the  light  is  inconstant,  with 
the  well-known  disadvantages  attending  this 
defect.  By  suppressing  the  intermediate  shaft, 
'  however,  a  constancy  of  light  may  be  obtained 
that  is  otherwise  only  obtainable  by  the  use  of 
accumulators.  Strangely  enough,  when  the 
motor  is  a  gas  engine,  the  belts  are  relied  upon 
to  compensate  for  the  irregularity  of  its  work- 
ing ;  and  this  compensation — the  curing  of  one 
evil  by  another  —  has  been  characterised  by 
Professor  Witz  as  **  mechanical  homoeopathy.'' 
A  simple  and  efficient  method  of  driving, 
observed  M.  Defays,  in  a  communication  to  the 
Sodc'te  Indusirielle  du  Xord  de  la  trance,  is  that 
devised  by  M.  Denis,  of  Saint-Quentin,  who 
employs  friction  pulleys  of  silicated  cardboard, 
that  have  the  great  advantage  of  doing  away 
with  loose  pulleys,  owing  to  which  belts  are  apt 
to  slip  off  ;  and  the  success  he  obtained  in 
driving  turbines  led  him  to  extend  the  use  of 
these  cardboard  pulleys  to  dynamos,  fans,  centri- 
fugal pumps,  etc.      Thanks  to  the  arrangement 
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of  carriage  on  which  the  driving  pulley  is 
mounted,  and  which  is  fed  up  by  screw  and 
hand-wheel,  both  starting  and  stopping  may  be 
effected  gradually  and  without  shock. 

In  the  case  of  a  dynamo  receiving  its  motion 
from  a  shaft,  a  cast-iron  pulley  on  the  latter  is 
brought  into  contact  with  the  siiicated  cardboard 
pulley  on  the  dynamo  shaft,  plate  springs  being 
interposed  to  render  shock  impossible  ;  and 
with  this  arrangement  the  speed  can  be  increased 
Avithout  the  use  of  belts  or  spur  gear. 

Hitherto  only  small  powers  have  been  trano- 
mitted  by  this  method  ;  but  the  author  is  of 
opinion  that,  if  the  lengths  of  contact  be  made 
proportional  to  the  efforts,  considerable  powers 
may  be  transmitted.  As  a  rule,  a  larger  [pro- 
portion of  power  is  transmitted  by  friction 
pulleys  than  by  beUs  of  the  same  width  and 
speed.  M.  Denis'  dynamo,  that  was  installed 
with  intermediate  shaft,  had  to  run  at  1,350 
revolutions ;  but  when  friction  pulleys  were  put 
in,  the  speed  was  reduced  by  150  revolutions 
for  the  same  voltage. 

THI    CARDBOARD    PULLBY    DIIMBN8ION8 

are  determined  by  the  formula 

I  =  3-5^ 

/  being  the  pulley's  width,  equal  to  its  diameter; 
e  the  power  to  be  transmitted,  and  n  the  number 
of  revolutions,  while  the  co- efficients  were 
found  by  trial  for  powers  up  to  10  h.p.,  with 
speeds  of  1,000  to  1,200  revolutions  per  minute. 

APPLIOATION8    OP    THI    MBTHOD. 

An  application  that  at  once  suggests  itself  is 
that  to  reducing  the  speed  given  by  steam 
t  urbines ;  and  a  centrifugal  pump  may  be  driven 
directly  with  great  saving  in  first  cost.  At  the 
Paris  Exhibition  of  1900  some  Marinoni 
printing  machines  were  driven  directly  at  80 
revolutions  by  a  dynamo  making  1,200  revolu- 


tions per  minute  ;  and  M.  Denis  has  a  fan  that 
has  been  driven  by  his  method  for  more  than 
ten  years,  during  which  the  friction  cone  has 
only  been  renewed  once. 

For  driving  a  drilUng  machine  at  variable 
speed,  friction  cones  of  curved  contour  are 
used,  one  of  them  being  canted  so  as  to  obtain 
contact  at  such  a  point  as  shall  give  the  required 
speed,  while  the  method  is  also  applied  to 
electric  cranes  and  wood-working  machinery. 


THE  NEW  RUSSO-FINNISH  ELECTRIC  RAILWAY. 

THE  St.  Petersburg  yJedmosti publishes  details 
of  the  projected  long-distance  electric 
railway  between  St.  Petersburg  and  the  Fall  of 
Imatra,  in  Finland.  A  concession  has  been 
granted  for  the  building  of  an  electric  railway 
to  the  Finno-Russian  frontier,  but  the  Finnish 
Senate  is  now  considering  the  petition  of  Mr. 
A.  L.  Von  Knorring  to  continue  this  line  for  a 
total  distance  of  165  kilometres  to  Imatra.  For 
the  first  20  versts,  to  the  village  of  Yokka,  the 
line  will  be  double,  the  remainder  of  the  dis- 
tance having  a  single  line.  The  limit  of  speed 
is  put  at  78  kilometres  an  hour,  or  an  average 
of  60  kilometres,  including  stoppages.  This 
will  enable  the  distance  from  St.  Petersburg  to 
Imatra  to  be  covered  in  2 J  hours.  The  local 
traffic  between  St.  Petersburg  and  Yokka  will 
be  carried  on  in  separate  four-wheeled  car- 
riages, each  equipped  with  an  independent 
motor,  and  carrying  thirty  persons,  while  the 
long  distance  traffic  will  be  carried  on  in  eight- 
wheeled  carriages,  holding  fifty  persons  each. 
On  the  shorter  journey  a  carriage  will  be 
despatched  every  five  minutes,  and  to  Imatra 
one  every  hour.  The  goods  traffic  will  be 
transported  in  similar  separate  waggons,  but 
will  be  despatched  only  during  the  night.  The 
estimated  cost  of  the  railway  is  put  at 
10,000,000  marks. 
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are  those  that  hold  their  position  solely  by 
reason  of  surpassing  excellence  and  cheapness 
of  product. 

These  trusts  are  only  too  few,  if  they  exist  at  all.  But 
the  club-wielding  monopoly  trusts,  formed  to  squeeze 
customers,  will  discover  that  the  people  are  not  so 
helpless  as  they  seem.  Their  power  to  restore  just  con- 
ditions will  appear  when  they  comprehend  clearly  what 
the  monopoly  trusts  have  undertaken  to  do.  From  the 
survey  in  these  chapters  of  the  trust  situation,  it  does  not 
seem  that  radical  action  will  be  necessary  to  dispose  of 
thenu  Managers  of  trusts  will  realise  quickly,  perhaps 
with  voluntary  obedience  to  the  public  will,  that  now  and 
hereafter,  as  always  heretofore,  private  property  and 
capitalistic  production,  to  continue  to  exist  unimpared, 
must  pr^ve  to  be  the  best  system  by  service  to  society. 
Limiting  the  capital  of  corporations,  and  the  kinds  of 
business  in  which  they  may  engage,  as  some  economists 
have  proposed,  will  apparently  be  postponed  until  the 
trust  proves  how  far  honest  methods  will  maintain  a 
monopoly. 

In  the  second  part  ot  the  book  Mr.  Bolen 
sketches  the  arguments  for  and  against  Pro- 
tection, and  adduces  many  facts  in  support  of 
both  theories.  On  the  whole,  the  author  may 
be  said  to  have  dealt  with  the  subject  in  a  fair 
and  unbiassed  manner,  the  work  showing  many 
evidences  of  keen  insight  and  a  conscientious 
study  of  the  problems  at  issue. 


•'BRITAIN    AT    WORK/' 

A  Pictorial  Description  of  our  National  Indus- 
tries. Cassell  and  Co.  4to.  384  pp.  12s. 
TN  this  handsome  volume  the  publishers  have 
-^  thrown  open  the  doors  of  our  national 
workshops  and  revealed  to  the  reader  the 
wonders  of  the  nation's  industrial  life.  In  the 
course  of  fifty-nine  fascinating  articles,  written 
in  a  popular  style,  we  pass  in  review  the 
battalions  of  Britain's  workers,  and  visit  the 
primary  sources  of  her  wealth  and  prosperity. 
Almost  every  variety  of  art  and  craft  is  described, 
and  nearly  every  occupation  portrayed,  from 
the  making  of  matches  to  the  construction  of 
an  ironclad.  The  writers  of  the  various  articles 
have  been  assisted  in  their  task  by  the  photo- 
grapher, who  has  supplied  them  with  over  500 
illustrations,  finely  reproduced  by  half-tone 
engraving. 

Perhaps  the  most  interesting  sections  are  those 
devoted  to  the  engineering  and  allied  trades. 
The  first  of  these,  by  Mr.  H.  W.  Wilson, 
describes  the  building  of  a  battleship,  and  we 
are  able  to  watch  its  progi-ess  from  the  time  of 


its  laying  down  until  it  leaves  the  slip.  A  brief 
survey  is  given  of  the  various  yards  and  their 
specialities,  including  illustrations  showing  war 
vessels  under  construction  in  the  yards  of  Sir 
W.  G.  Armstrong,  Whitworth  and  Co.,  and  * 
the  Thames  Ironworks  and  Shipbuilding  Com- 
pany, Ltd.  Another  writer  tells  of  Britain's 
underground  wealth — of  the  collier's  work  in 
the  mines  and  the  transport  of  the  fuel  to  the 
workshop  and  the  fireside.  The  reader  is  then 
shown  the  processes  involved  in  the  production 
of  iron  and  steel,  illustrated  by  photographs 
taken  in  the  Atlas  Steel  Works,  the  Yorkshire 
Steel  and  Iron  Works,  and  the  Cyclops  Steel 
Works  at  Sheffield,  and  others.  Further  on  we 
make  the  acquaintance  of  railway  enginemen  aad 
their  work,  and  get  a  glimpse  of  electric  tramway 
systems,  work  in  the  great  docks  of  London, 
Liverpool,  and  Southampton,  needle  and  pin 
making  in  the  Midlands,  and  the  labours  of  the 
women  nail  and  chain  makers  of  the  Black 
Country.  Mr.  R.  W.  Johnson  contributes 
an  article  on  the  making  of  big  guns, 
illustrated  by  photos  of  machinery  in  the 
works  of  Messrs.  Vickers,  Sons  and  Maxim, 
Sir  W.  G.  Armstrong,  Whitworth  and  Co., 
and  Messrs.  Cammell  and  Sons,  of  Sheffield. 
Mr.  John  Pendleton,  who  is  responsible  for 
several  of  the  above-mentioned  articles,  also 
writes  on  the  engineering  industry  generally, 
but  he  is  obviously  hampered  by  the  limita-- 
tions  of  space.  There  are  illustrations  of  the 
Manchester  Ship  Canal,  of  bridges  and  cranes 
(by  Messrs.  Whitaker  Bros.,  Ltd.,  of  Leeds), 
the  new  floating  dock  at  Bermuda,  built  by 
Messrs.  Swan  and  Hunter,  Ltd.,  and  views  in 
the  works  of  Messrs.  Mather  and  Piatt,  Ltd. 

The  book,  which  is  a  splendid  example  of  the 
printers'  art,  is  one  of  rare  interest.  It  will  be 
perused  with  pleasure  by  the  technical  reader, 
and  its  pages  will  convey  to  the  general  public 
a  vivid  impression  of  the  sources  of  Britain's 
commercial  greatness. 


«  AN  OUTUNE  OF  THE  METALLURGY  OF  IRON 

AND  STEEL." 
By  A.  Humboldt  Sexton.     Scientific  Publishing 
Company,  Manchester.    620  pp.      i6s.  net. 

TiyTR.  SEXTON  has  set  himself  the  task  of 

gathering  together  in  one  work  all  the 

chief   data  connected  with   the  metallurgy  of 
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iron  and  steel,  and  has  succeeded  in  outlining 
practically  the  whole  field  of  theory  and 
practice.  The  chapters  on  blast  furnace  work 
are  especially  instructive,  indicating  much  re- 
search. A  full  description  of  the  Bessemer 
and  Siemens  process  is  given,  and  a  chapter 
devoted  to  special  steels.  The  section  anent 
the  structure  of  iron  and    steel    is    of    great 


interest,  and  includes  some  hitherto  unpublished 
facts.  The  book  is  well  illustrated,  has  an 
ample  index,  and  a  glossary  of  metallurgical 
terms.  Much  new  and  valuable  information  has 
been  utilised, and  the  work  forms  a  useful  addition 
to  the  list  of  modern  industrial  text  books. 

A  number  of  reviews  are  unavoidably  held  over  Uiis 
month  owing  to  pressure  upon  ou    space. 


N0TE5    AND    NEWS. 


The  Korting  Gas  Engines* 

By  way  of  a  supplement  to  the  announcement  in  our 
October  issue  that  Messrs.  Fraser  and  Chalmers  had 
secured  the  manufacturing  rights  for  Korting  Gas  Engines 
used  in  connection  with  the  steel  industry,  it  should  be 
mentioned  that  Messrs.  Mather  and  Piatt,  Ltd.,  have 
secured  the  right  of  manufacturing  these  large  gas 
engines  for  all  other  purposes  outside  the  industry  named. 

This  engine  is  of  the  double-acting  two-cycle  type,  that 
is  to  say,  each  side  of  the  piston  receives  an  impulse  at 
every  revolution  in  contradistinction  to  the  single-acting 
"  Otto  "  c>'clc  engine,  which  receives  an  impulse  on  one 
side  of  the  piston  only  once  in  two  revolutions. 

The  firm  is  taking  up  the  manufacture  of  gas  engines 
of  large  power  more  especially  for  driving  dynamos,  and 
as  they  also  construct  the  latter,  they  are  able  to  build  the 
complete  combined  plant  in  their  own  workshops. 


The  Junior  Engineers* 

Our  attention  has  been  called  to  the  excellent  work  that 
is  being  done  by  the  Institution  of  Junior  Engineers. 
The  presidential  address  was  delivered  on  November  2ist 
by  Colonel  Edward  Raban,  C.B.,  K.E.,  on  "  The  Prepara- 
tion  of  Engineering  Projects,"  and  other  noteworthy 
papers  during  the  forthcoming  session  will  include 
"  Marine  Boilers,"  a  consideration  of  the  relative  values 
of  the  different  types,  by  Mr.  H.  M.  Routhwaite, 
M.I.Mech.E. ;  "Practical  Notes  on  the  Use  and  Main- 
tenance of  Electric  Motors  for  Factory  Purposes,"  by 
Mr.  W.  T.  George  ;  '*  Greasy  Condensation  Water  as 
Boiler  F'eed,"  by  Mr.  William  Paterson ;  and  "The 
Effect  of  Design  on  Methods  of  Construction,  from  a 
Contractor's  Point  of  View,"  by  Mr.  R.  W.  Newman, 
M.I.Mech.E.  Between  the  meetings,  visits  to  works 
and  places  of  engineering  interest  in  and  near  London 


take  place  at  frequent  intervals.  A  great  deal  of  practical 
knowledge  may  thus  be  obt^iined,  and  this  may  be  suppk- 
mented  by  borrowing  bool^  from 'the  technical  libra  rs 
The  Secretary  is  Mr.  WaKsr  T.  Dunn^  and  the  offices  ol 
the  institution  are  at  39,  Vic"oria-street,  Westinin;*ter- 


Os  the  eve  of  going  to  p  er>  we  have  to  record,  uith 
profound  regret,  thp  sudi':n  death  of  Hcrr  Friedricb 
Alfred  Krupp,  of  Essen,  from  apoplexy,  on  the  22nd  ult. 
Herr  Krupp  was  only  in  his  forty-ninth  year,  and  his 
sudden  demise  has  caused  a  profound  sensation 
throughout  Germany.  The  German  Emperor  addressed 
the  following  telegram  to  the  directorate  of  the  finn 
of  Krupp  at  Essen  :— 

*•  The  news  of  the  unexpected  death  of  your  chief  ha^ 
been  a  great  shock  to  me.  Providence  placed  Geheimrath 
Krupp  at  the  head  of  an  enterprise  which  has  achieved 
a  universal  significance  far  beyond  the  frontiers  of  the 
Fatherland.  These  works,  inherited  by  him  from  that 
man  of  genius,  his  father^  he  regarded  it  as  the  twisine*^ 
of  his  life  not  only  to  maintain  but  extend  in  accordance 
with  their  reputation  throughout  the  world.  His  name  i^ 
most  intimately  associated  with  the  development  of  the 
iron  industry  and  of  the  whole  domain  of  armament!^, 
including  modern  fortifications  as  well  as  naval  construc- 
tion. In  his  provisions  for  the  welt-being  of  those  in  his 
employment  he  was  unsurpassed,  and  was  a  pattern  to 
all.  Thus  I,  to  whom  the  departed  was  most  loyally 
devoted  in  patriotic  sentiment,  share  with  the  managing 
ofticials  of  his  works  and  with  the  thousands  of  his  work- 
men, the  keenest  sense  of  his  loss. — William  I.R." 

Herr  Krupp  evinced  a  kindly  interest  in  Page's 
Ma(;azine  from  its  foundation,  and  one  of  his  U< 
literary  efforts  was  the  revision  of  the  article  recently 
published  on  the  Germania  Ship-building  Yard  at  Kiel. 
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OWING  to  the  virility  of  modern  inventive  genius,  and  the  number  of  patents  bidding  for 
preference,  the  choice  of  a  turbine  has  become  no  easy  matter.      Those  whose  business 
it  is  to   take  advantage  of  water  power  and  secure  the  best  results  in  the  least  expensive 
way,  may  therefore  welcome  a  few  hints  on  the  subject  based  upon  actual  experience. 

Three  points  claim  attention  at  the  outset,  viz.,  durability,  economy  in  water,  and  highest 
efficiency.  The  prospective  user  of  a  turbine  will  find  it  desirable  to  determine  whether  the  appli- 
ance under  consideration  is  adapted  to  his  special  requirements,  and  it  will  also  pay  him  to  find 
out  what  others  have  done  and  are  doing  in  similar  circumstances. 

The  inquirer  is  not  likely  to  go  very  deeply  into  the  matter  before  discovering  that  probably 
one  of  the  largest  orders  for  turbines  ever  executed,  was  given  by  the  Canadian  Government,  who 
requisitioned  no  less  than  253  of  these  appliances  for  use  in  operating  the  lock  gates  of  the  Welland 
Canal.  This  order  was  piaced  with  Mr.  S.  Howes,  of  64,  Mark  Lane,  whose  "  Little  Giant  "  Double 
Turbine  held  the  field  agunst  all  comers. 

The  turbine  is  mounted  on  a  horizontal  shaft  for  use  when  a  direct  drive  is  needed,  thus  dis- 
pensing with  gears,  etc.,  and  making  it  particularly  applicable  for  driving  electrical  machinery. 

After  the  horizontal  type  had  been  placed  on  the  market  some  time,  the  demand  for  it  and 
the  vertical  double  turbines  was  so  great,  that  in  order  to  meet  the  wants  of  all  buyers  it 
was  found  necessary  to  further  increase  the  styles  of  the  "  Little  Giant  "  ;  particularly  for 
those  wishing  to  develc^)  30wer  under  low  falls,  and  for  this  purpose  the  "  Little  Giant  "  was  con- 
structed in  an  improvecf  case,  and  is  now  known  as 
the  "Special  Flume"  Wheel.  This  latter  type  is 
made  up  to  60  in.  in  diameter,  so  that  as  much  as  36 
horse  power  can  be  obtained  under  a  4  ft.  head. 
Taking  variations  of  size  into  consideration,  the  firm 
now  make  no  less  than  y8  kinds  of  turbines. 

Owing  to  its  very  hi^  efficiency  at  part  gate,  it 
is  suggested  that  the  ** Little  Giant"  Double  Turbine 
can  with  advantage  l;ie  applied  in  every  case  where 
there  is  considerable  variation  in  the  water  supply, 
or  where  it  is  desirable  that  the  water  used  should  be 
in  direct  proportion  to  the  power  required.  It  is  well 
adapted  for  situations  where  the  water  supply  is  often 
inadequate  to  drive  the  whole  of  the  machinery,  and 
where  auxiliary  steam  power  has  to  be  used  in  dry 
weather,  as  it  utilises  the  smallest  quantity  of  water 
to  the  best  advantage.  In  the  majority  of  cases  the 
water  in  winter  and  summer  is  variable ;  not  only  this, 
but  the  head  is  often  reduced  by  backwater,  etc. 
These  and  other  reasons  show  why  a  turbine  should 
give  the  highest  possible  efficiency  at  part  gate.  The 
"  Little  Giant  "  is  a  double  turbine  having  two  tiers  of 
buckets,  or  strictly  speaking,  two  turbines,  keyed  to 
the  same  shaft,  one  above  the  other,  and  both  running 
in  the  same  case,  the  upper  tier  discharging  at  the 
top,  and  the  lower  one  under  the  bottom  of  the  case. 

By  using  this  special  shape  of  bucket,  curving  as 
it  does  towards   the   stream,  the  water  has  a  steadv 


LITTLE  GIANT      DOUBLE   WATER  TURBINE — 
VERTICAL  TYPE. 
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S.  Howes,  64,  Mark  Lane,  E.C. 


Full  information  is  offered  to  inquirers  who  are  anxious  to  adapt  the  turbine  to  their  special 
needs.    The  following  questions  should  be  carefully  considered  by  prospective  users  : — 

What  is  the  head  of  water  when  at  rest,  or  the  vertical  distance  from  surface  of  head-water 
to  surface  of  tail-water  ? 

If  the  stream  is  small,  what  quantity  of  water  can  be  relied  upon  ?  If  the  water  supply  is  variable, 
state  how  much  it  varies  in  wet  and  dry  seasons ;  or  if  an  overshot  is  used,  state  the  diameter  and 
width,  and  how  much  the  gate  was  raised  to  let  the  water  on,  and  particularly  how  deep  the  water 
was  above  the  gate  opening  in  the  forebay. 

If  the  stream  is  large,  state  width  of  same,  or,  if  possible,  give  us  a  measurement  according  to 
our  scheme  of  instructions  for  "  large  open  streams." 

What  size  and  make  of  turbine, 
if  any,  is  at  present,  or  has  been, 
running ;  and  how  many  square 
inches  gate  opening  is  there  in  the 
wheel,  and  how  many  hours  out  of 
twenty-four  will  the  stream  afford 
sufficient  water  to  supply  it  ? 

What  kind  of  machinery  is  to 
be  driven  ? 

Give  speed  of  line  shaft,  and  the 
direction  in  which  it  turns. 

Give  the  vertical  distance  of  line 
shaft  from  head  or  tail-water  level, 
and  also  its  distance  from  the  mill 
floor. 

Another  speciality  of  the  firm  is 
the  ''  Eureka  '*  wheat,  coffee,  rice, 
seed  and  malt-cleaning,  grading, 
hulling  and  separating  machinery. 
The  accompanying  illustrations  show 
two  types  of  over  three  hundred  and 
fifty  manufactured. 

The  term  "Eureka,"  as  applied 
to  milling,  grain-cleaning,  and  ele- 
vator machinery,  is  significant.  The 
extensive  range  of  machinery  manu- 
factured under  this  name  had  its 
origin  in  the  early  fifties,  when,  at 
Silver  Creek,  N.Y.,  on  Lake  Erie, 
Simeon  Howes  erected  a  small  plant 
for  the  production  of  his  "  Smutter." 
The  business  owes  its  present  de- 
velopment very  largely  to  Mr.  Louis 
E.  Barbeau,  who  for  some  years  has  personally  dictated  the  fortunes  of  the  European  branch. 

**  Eureka  "  rice  graders,  hullers,  polishers,  etc.,  are  now  in  nearly  all  the  large  rice  mills  of 
the^country.  Coffee,  also,  is  being  treated  with  a  line  of  special  '*  Eureka  "  machines  ;  and  even 
peanuts  are  manipulated  through  all  the  varying  processes  of  manufacture  from  the  picking  of 
the  nuts,  etc.,  to  the  reduction  of  the  shuck  into  a  powdered  form,  by  *'  Eureka  "  machinery.  It 
is  not  surprising  that  the  original  number  of  distinct  models  and  types  of  "  Eureka  "  machines  is 
still  on  the  increase,  and  that  Mr.  Barbeau  has  been  called  upon  to  supply  his  machinery  in  every 
part  of  the^world. 

The  firm  are  also  manufacturing  a  complete  line  of  portable  and  stationary  forges,  and  hand 
and  power  drills. 


' EUREKA' 


HORZ,    WHEAT  AND    BARLEY   SCOURING    AND 
BRUSH    MACHINE. 
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Blumann  and  Stern,  Ltd^  Plough  Bridge,  Deptford, 
London. — Calendar  for  1903,  printed  in  two  colours, 
with  separate  sheet  for  each  month.  The  reverse  of 
each  leaflet  is  utilised  either  as  a  price  list  or  for 
descriptions  of  the  firm's  specialities,  which  consist  of 
lubricating  oils  of  all  kinds,  tallows  and  greases,  etc. 
A  reprint  from  a  recent  issue  of  the  Railway  Supplies 
Journal  is  particularly  interesting  as  proving  the  e.x- 
cellence  of  the  lubricants  manufactured  by  this  firm. 
It  is  pointed  out  that  during  the  trials  of  H.M.S.  Viper, 
when  the  engines  developed  12,000  i.h.p.,  and  the 
mean  speed  for  the  six  runs  showed  36-58 1  knots,  or  a 
velocity  equivalent  to  43  miles  an  hour,  the  lubricants 
employed  throughout  were  supplied  by  Messrs. 
Blumann  and  Stern. 

The  Unbreakable  PtiUey  and  MiU  Gearing  Co^  Ltd., 
Manchester  and  London. — A  Treatise  on  the  Economical 
Transmission  of  Power.  Tenth  Edition.  2s.  M.  post 
free.  In  the  intioductory  chapter  the  writers  draw 
attention  to  the  fact  that  it  is  not  sufticiently  realised 
how  important  a  part  the  machinery  used  for  the  trans- 
mission of  power  has  in  the  general  economy  of 
manufacturing  establishments,  and  endeavour  to  show- 
that  a  saving  of  5  per  cent,  on  the  yearly  coal 
bill  can  be  effected.  The  sometime  prejudice,  we  are 
told,  against  the  use  of  cast  iron  for  bearings  has 
practically  disappeared,  and  there  is  now  scarcely  a  large 
engineering  firm  in  the  kingdom  which  has  not  adopted 
these  bearings  to  a  greater  or  less  extent.  The  authors 
add  :  '*  Any  power  consumed  by  shafting  beyond  the 
small  amount  necessary  to  overcome  friction  in  well 
designed,  truly  erected,  and  properly  lubricated 
bearings,  is  absolutely  wasted  ;  yet,  though  people  will 
look  closely  enough  into  the  economy  of  the  engine  or 
machines  they  are  going  to  buy,  economy  in  the  means 
by  which  power  is  transmitted  from  the  engine  to  the 
machines  is  constantly  overlooked,  generally  also  the 
economy  in  erection,  while  the  sole  care  is  to  buy  from 
the  man  who  will  supply  so  many  feet  of  shafting  and 
so  many  bearings  at  the  lowest  price. "  The  main 
object  of  the  work,  we  gather,  is  to  set  out  as  concisely 
as  possible  the  rules  upon  which  an  engineer  should 
work  in  designing  a  system  of  shafting  for  a  factory, 
with  full  tables  of  strengths,  weights,  powers,  and 
velocities,  so  that  the  book  may  serve  as  a  handy 
reference  for  the  skilled  designer,  and  a  trustworthy 
guide  for  those  who  have  no  special  knowledge 
of  the  subject,  but  who  desire  to  plan  their  own 
arrangements.  We  certainly  think  it  is  a  valuable 
work,  and  well  worthy  of  being  consulted  on  any 
of  the  above  points.  The  subject  matter  ih  suitably 
arranged  and  concisely  written.  X  very  readable 
type  is  employed  and  the  quality  of  the  half- 
tone illustrations  and  woodcuts  leaves  little  to  be 
desired. 


Villiam  Ryder,  Ltd.,  Bolton,  Lanes.— Illustrated  Cata- 
logue of  Forging  Machines,  Sawing  Machines,  and 
other  tools,  with  prices.  The  booklet,  which  is  printed 
in  two  colours,  is  well  dejiigned,  and  is  illustrated  by 
means  of  some  excellent  wood  cuts.  The  principal 
speciality  is  the  now  well-known  Forging  Machine, 
made  in  various  designs  with  three  to  five  pairs  of 
steel  blocks,  or  hammers,  and  in  weight  varying  from 
25  cwt.  to  5  tons.  The  sawing  machines,  which  are 
very  frequently  used  in  the  smithy  in  conjunction  with 
forging  machines,  are  made  in  various  sizes  and 
weights,  and  with  sawing  capacities  for  hot  iron  bars 
varying  in  thicknesses  from  3  to  6  in. 

The  Clyde  Structural  Iron  Company,  Ltd.,  of  Scots- 
toun,  Glasgow. — A  neat  little  booklet  of  forty  pages 
and  cover,  comprising  a  catalogue  of  structural  iron 
and  steel  work  as  manufactured  and  erected  by  the 
company.  The  illustrations  include  some  interesting^ 
designs  for  curved  roofs,  agricultural  sheds,  stores^ 
granaries,  dock  sheds,  market  place  or  bazaar,  drill  and 
public  halls,  swimming  baths,  tea  factories,  gold  mine 
buildings,  engineering  shops,  bungalows,  bridges,  etc  , 
etc.  With  regard  to  the  photographs  of  recent 
work  carried  out  by  the  firm,  we  quite  agree  with  their 
remarks,  that  these  serve  better  than  any  quantity  of 
letterpress  to  indicate  the  kind  of  work  they  are  pre- 
pared to  execute.  They  include  excellent  examples  of 
railway,  foundry,  and  other  work. 

Graham,  Morton  and  Cd.,  Ltd.,  Leeds.— A  neat  little 
brochure  of  fifty-two  pages  and  cover,  entitled 
"  Elevating  and  Conveying  Machinery,"  being  a 
description,  with  numerous  illustrations  of  an  economic 
method  of  transportation  of  coal  and  minerals.  The 
system  consists  of  a  plant  by  means  of  which  coal  or 
other  material  is  automatically  conveyed  from  one  given 
point  to  another,  thus  saving,  it  is  claimed,  80  per  cent, 
of  labour  cost.  The  illustrations  include  reproductions 
from  photographs  of  (i)  a  plant  to  handle  coal  and  store 
it  in  coal  stores  at  the  rate  of  30  tons  per  hour  ;  (2)  an 
elevating  plant  at  the  generating  station  of  the  Leeds 
City  Tramways,  which  conveys  coal  from  boat  to  boiler 
furnace  at  a  total  labour  cost  of  id.  per  ton  ;  (3)  a  plant 
erected  to  weigh,  handle,  and  store  coal  at  the  rate  of 
40  tons  per  hour;  (4)  a  large  conveyor,  over  400  ft. 
long,  erected  for  carrying  150  tons  of  coal  per  hour  : 
(5)  conveying  plant  erected  for  feeding  a  water-tube 
boiler  and  a  series  of  Lancashire  boilers.  The  coal  is 
brought  automatically  from  the  coal  stores  by  means  of 
continuous  conveyors,  and  (6)  a  conveyor  which  carries 
sacks  of  flour  at  the  rate  of  1,000  per  hour.  Other 
illustrations  show  screening,  measuring,  and  weighing* 
plants,  belt  conveyors,  storage  bunkers,  a  novel  coal- 
tipping  apparatus— by  means  of  which  a  railway  truck 
can  be  automatically  tipped  and  emptied  at  onc^ — 
spiral  conveyors,  etc.,  etc. 
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An    Illustrated   Technical    Monthly,  dealing    with    the   Engineering, 
Electrical.  Shipbuilding.  Iron  &  Steel,  Mining.  6  Allied  Industries. 


DAVIDGE   PAGE,   Editor, 

Clun    House.   Surrey    Street.   Strand.    London.    W.C. 


TeJephone  No.  :   3349  GERRARD, 

Telegraphic  and  Cable  Address : 

"SINEWY.  LONDON.' 


ANNOUNCEMENTS. 
Subscription  Rates  per  Year. 

Great  Britain— In  advance.  12s.  for  twelve  months, 
post  free.    Sample  copies.  Is.  4d..  post  free. 

Foreign  and  Colonial  Subscriptions.  16s.  for  twelve 
months,  post  free.    Sample  Copies.  Is.  6dM  post  free. 

Remittances  should  be  made  payable  to  Page's  Magazinf.  and 
may  be  f«>rwardcd  by  Cheque,  Money  Order,  Draft,  Post  Office  Order, 
or  Registered  Letter.  Cheques  should  be  crossed  "  LONDON  & 
COUNTY  BANK,  Covent  Garden  Branch."  P.O.s  and  P.O.O.s  to 
be  maae  payable  at  East  Strand  Post  Office,  London,  W.C.  \VTien  a 
change  of  address  is  notified,  both  the  new  and  old  addresses  slionid 
be  given.  All  orders  must  be  accompanied  by  remittance,  and  no 
subscription  will  be  continued  after  expiration,  unless  by  special 
arrangement.  Subscribers  are  requested  to  give  information  of  any 
irregularity  in  receiving  the  Magazine. 

The  whole  of  the  contents  of  this  publication  are 
copyright,  and  fUll  rights  are  reserved.  The  Editor  does 
not  hold  himself  responsible  for  opinions  expressed  by 
individual  contributors,  nor  does  he  necessarily  identify 
himself  with  their  views. 


Advertising  Rates. 

AU  Inquiries  regarding  Advertisements  should  be  directed  to  '  TH  K 
ADVERTISEMENT  MANAGER.  Clun  House.  Surrey  Street,  Strand, 
London,  W.C' 


Copy  for  Advertisements 

should  be  forwarded  on  or  before  the  3rd  of  each  month  preceding 
date  of  publication. 

npO     MACHINERY    MERCHANTS    AND 

^  ENGINEERS.  Send  for  our  New  Catalogue  of  Lathes,  Drills. 
Planes,  and  other  Engineers'  Tools.  Also  for  Circular  of  the  Latesi 
New  Petroleum  Oil  Engines  (Two  Patents,  it>02). 

BRITANNIA    ENGINE   AND   TOOL   FACTORY. 
COLCHESTER.    ENGLAND. 


Editorial. — AU  communications  intended  for  fnhlica- 
tion  should  be  written  on  one  side  of  the  paper  only, 
and  addressed  to  "  The  Editor'' 

A  ity  contributions  ojferedy  as  likely  to  interest  either  home 
or  foreign  readers^  dealing  with  the  industries  covered 
by  the  Magazine,  should  be  accompanied  by  stamped 
and  addressed  envelope  for  the  return  of  the  MSS.  if 
rejected.  When  payment  is  desired  this  fact  should 
be  stated,  and  the  full  name  and  address  of  the  writer 
should  appear  on  the  MSS. 

Correspondence  is  invited  from  any  person  upon 
subjects  of  interest  to  the  engineering  community.  In 
all  cases  this  must  be  accompanied  by  full  name  and 
address  of  the  writer,  not  necessarily  for  publication, 
but  as  a  proof  of  good  faith.  No  notice  whatever  can 
be  taken  of  anonymous  communications. 


second  Edition.  Rct'ised.      Pticc  ys.  6d. 

lEPRECIATION  OF  FACTORIES,  Mines. 

■■— ^    and  Industrial  Undertakings,  and  their  Valuation.    With  Tables 


DJ 


and  Examples. 

By  EWING  MATHESON.  M.Inst.C.E. 

The  Principles  which  should  guide  the  Writing  oft  for  wear  and 
tear.  Obsolete  plant ;  Terminable  or  wasting  properlici  ;  Ert'ect  on 
Income-tax  :  Value  defined  a«ifor  CotnpuUory  purchase  :  Going  concern, 
or  dismantled  ;  Rateable  value,  rental  value. 

"A  successful  attempt  to  syttematisc  ezistiaf;  information  and  to  make  it 
p-^sible  to  arrive  at  uniformity  and  accuracy  in  niakmi;  up  balance  Uieets  for 
valuations.    Th«  woik  is  unique  of  its  kind."—  Thf  liH^nietr. 

E.  6  F.  N.  SPON.  125.  Strand,   London. 


Mr.  G.H.  HUGHES.  A.H.I.Hech.E.. 

Consulting  Engineer  for  Water  Works, 
97.  QUEEN    VICTORIA    ST.,    LONDOil,    E.G. 

Telephone  No.:  575;  Bank. 


THE    SHANNON.    LTD.. 
RopemaKer  St..  E.G. 


OFFICE  APPLIANCES. 


See  Page 
95. 


JOSEPH  BOOTH  BROS.,  LTD.. 
RODLEY.  LEEDS. 


LIFTING   MACHINERY. 


See  Page 
62. 


SELIG.  SONNENTHAL  6  CO.. 

"L'^\[n?:f^*^'*!i®*-to    GRINDING  MACHINES. 

Lambeth  Hill.  London.  E.C. 


See  Page 

7. 


THOS.   W.   WARD. 
ALBION  WORKS. 

SHEFFIELD. 


MACHINE    TOOLS. 


See  Page 
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Te|«£ra*ni- 
ri A  THORN,   LEB0S." 


^LUNQBR 
PUMPB, 


BUCKET 
LIFTS, 


%URFAO£  ENQtf^E  Wfjti  S^APT  PUmPi, 


PUMPING 
MACHINERY 

Specialittes— 

DIFFERENTIAL   PUMPING    ENGINES. 
ROTATIVE  PUMPING  ENGINES. 

Horizontal  and  Vertical. 
Compound    and   Triple. 

HYDRAULie    PUMPS. 
UNDERGROUND   PUMPS. 
ELEeTRie    PUMPS. 
WATER    WORKS   PLANT. 

HATHORN,  DAVEY  &  CO., 

LIMITID, 

LEEDS, 

ENGLAND. 
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CHARLES  CHURCHILL  &  CO.,  L 

LONDON :  9  to  15,  Leonard  St.,  E.C.        BIRniN0H3M  :  2  to  10,  3lbert  St. 
M3NCHE5TER;    NEWCASTLE-ON-TyNE;    and  0L3S0OW. 


CINCINNATI    MILLINO    MACHINE.      No.  4    Plain. 


NO    BELTS.    PULLEYS.    OR    GEARS    TO    CHANCE. 

using  the  "  ALL-GEAR  "  FEED,  found 
the  "NEW  CINCINNATI "  MILLER. 


25  %  SAVED  ZX 


The  above   riachine  can   riill   more   than   70  square  inches  per  minute  of 
rough  cast  iron  surface   AT  A  SINGLE  CUT. 
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Machine  Tools 


Selig,  Sonnenthal  a  Co. 


Universal  and  Plain  Milling  Machines. 


Vertical  Milling  Machines. 


Patent  Portable 

Key^^ay  Cutting 

Machine, 

In    position    on    Boss 
of  FIT  WheeL 


Combination    Radial   Drilling 

Machine* 

v^Hh  Tapping  Attachment, 


i 


Slidins   Head   Upright 
Orilline  Machines. 


85,  Queen  Victoria  St.  &  Lambeth  Hill,  London,  E.G. 

7  Digitized  by  VjOOQIC 


COMBINSD  HORIZONTAL!  DRII^X.- 
INO.        BORING, 

MIIiUNO  di 
FACB-PLiATB 
TURNING 
MACHINE. 
Scad  lor  PartkuUru 


riVI  rirtt  Prti*  IMali 
t«r  MaeliiM  TmU. 


Contractor  to  Sritiab 

an&  ^orct0n   aovem* 

inenta. 

Establish  feD  1865. 
•  .  A|Mta  wiBltri* 


WILLIAM    ASQUITH, 


Highroad     Well    WorRs, 
Halifax    (England) .    . 


Digitized  by 


Google 


Machine  Tools 


This 
Is  The 


"  Hartness  "  Flat  Turret 
Lathe,  which  is  now  so 
popular  with  the  leading 
engineering  concerns  of  the 
world.  Takes  strains  direct, 
covers  a  wide  range  of 
work,  and  does  not  get  out 
of  order. 


CATALOGUE    SENT    ON    REQUEST- 

JONES  &  LAMSON  MACHINE  Co 

^  at  Exchange  Buildings,  BIRMINGHAM. 


*i 


PATENT   PLANING 
MACHINE. 


One  of  the  greatest  disadvantages  in  connection 
with  the  American  type  of  Planing  Machines 
hitherto  has  been  the  restricted  position  of  the 
belt  drive.  There  is  only  a  latitude  of  a  few 
inches  on  one  side,  the  Vertical  position.  This 
has  been  overcome  by  our  patented  attachment, 
which  enables  the  belt  to  drive  at  any  angle 
between  Vertical  and  Horizontal  from  the 
countershaft  to  the  machine. 


CUNLIFFE  &  GROOM,  Ltd., 

Broughton  Iron  Works, 
MANCHESTER. 


Showroom : 

66.  Victoria    Street.   MANCHESTER. 

KSTABLISHED  1S64. 
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H.W.WARD  &  C^.-  bVrm.VqhTm, 

Machine  Tool  Makers, 


Tclci^rams 
'TUDOrit 

BiniVllNOHAM 


TelefohOifio  No. 
1469. 


ContractotB  to 
British  &  Fomign 
Govern  inents, 
and  leading 
Engineering  Firms. 


IMPROVED    LINCOLN   TYPE    MILLING    MACHINE    FOR    HEAVY  DUTY. 

Sixe  of  Table.  Over  all  -  •  -  -  •  -  8  feet  0  in.  by  3  feet  0  In. 


Six«  of  Table,  WorKint  Surface 
Traverse  of  Tablb       .... 
Maximum  Width  between  Head  and  Steady 
Mlnin^unk         „  „  „  ,. 

Cross  Moventent  of  Head  and  Steady  • 
Spindle  .  .  .  •  • 

Maximum  Heisht  of  Spindle  above  Table 


7    ..     0  ..    by  2    .,    4   „ 

6    ••     0  ••    or  lonter  to  order 

4     ..      8  .. 

3     ..      4.. 

6  in.  each. 

3^  ..  dla. 

24  „ 


We  make  Six  Sizes  of  these^  Machines*  which  embody  all  the  latest  practice.    They  are  suitable  fop  all 

kinds  of  Electpioal  and  General  Enerlneeplnflr  Work. 


FUXiX. 


»ARXICUriARS      ON 


10 


»Pi:.ICAXION. 
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This  white  space 

IS 

paid  for 


Ol  R 


AUTO.  StBEWCUTTOi 
CLflWRS 


SHIPLL^V 


ON    CUTTING 


kS  -  i^l^ 'Ik  ^  %^  }0U.  |k^> . 


.  •.•.»«4*1 


r^rr4*^rv4 


^V|^^^^%%* 


Though  you  may 
not  thinh  it. 

J.P. 


BERTRAMS    LIMITED 


London  Office: 

21,  Gt  St.  HELEN'S,  E.C 


ST.    KATHERIHE'S  WORKS, 
SCIEMNES,  EDINBURGH. 


Circular  Cutter  with  Punch  and 
Apparatus  for  Circles. 


Manufacturers  of  all  kinds  of 

MACHINE    TOOLS 

FOR    ENGINEERS.   SHIP    BUILDERS, 

BOILER    MAKERS,    &c..  &c. 


For  Gears,   Bevels,  Worm  Wheels,  Spirals, 
or  anything  in  the  gear  line,  write  to 

THE  6UFF0LINE  NOISELESS  GEAR  Co., 

LEVENSHULME. 
WHO   ARE  THE   ENGLISH 


GEAR  SPECIALISTS, 


II 


Digitizec 


SEND    FOR   CATALOGUES 

(New  Issue)  Post  Free. 


HIGH-CLASS    NEW    MACHINE   TOOLS 


IN    STOCK    FOR    IMMEDIATE    DELIVERY. 


Telegrams:    '* MILLING.    SHBPFIELD."        for  tDC  CalCSC  aiia  tllOSt  Up-tO-DatC 
National  Telephone  No.  :  9^5* 


PLATE    BENDING    MACHINE. 


HEAVY-  ■ 
MACHINE 
TOOLS  =  - 

Also  Special  Liftint  JacK  for  Electric 
WRITE  .  .  .  Tramcars. 

GEORGE  ADDY  &  Co.. 

WAVERLEY  WORKS,  SHEFFIELD. 


Patent  Bevelling  Machines 

FOR   SHIPS'   FRAMES. 

STEAM    HAMMERS 

FOR   SMITHS'    SHOPS   AND   fORCES 

Forge   Cranes.    Hand    and    Steam. 


DAVIS  &  PRIMROSE, 

Xcitb  ?ronworhd»  EDINBURGH. 

Code  word  for  this  Machine,  "  Eyechass."        Ai  and  ABC  Codes  used. 
Ti'lcRrams  :  "  Etna.   Leith." 


Digitized  by 


Google 


H^®MIlIi3ltf  Hydraulic  Machine  Tools  j 


THE 


West  Hydraulic  Engineermg  Co., 


**  ACROSTICAL,    LOSiEldN" 

**  Acrostic AU,  B^tAOFowi* ' 

Contractors 

to  the 

GovernmeDts 

of 

Great    Britain. 

India, 

Germany, 

France, 

Russia, 

Italy. 

Spain, 

Belgium, 

Switzerland . 

Japan. 


23,  COLLEGE  HILL.   LONDON,  E.C. 

Works:   BRADFORD.  YORKS. 

Makers  of  .  . 


High  Grade  Hydraulic  Plant 
and  Machinery. 


1 


The  Hydraulic  PreAse^l  supplied  by 
the  West  Hydraulic  Engineering  Co. 
to  the  British  Government  I  since 
1893  have  a]totaJ  i working    powfer  of 


19,000  tons. 


MYnRMrt.J.1      NC^fNSERtM--,   Qt 


a^COllECE  HUl 


ESTABLISHED  18M 

NO  OLD 
PATTERNS! 


QUICK.ACTING    HYDRAULIC    FORGING    PRESS 
100  Tons  on  Main  Ram.  75  Tons  on  Horizontal  Ram.  50  Tons  oi 


'Big?fi5M9<SnOgle 


Machine  Tools 


RICE  6  CO.  (Leeds),  Ltd., 


Three-Ton  Hydraulic  Crane. 


1  LEEDJ, 

ENGLAND. 


HYDRAULIC 


Riveters. 

Presses, 

Cranes, 

Panches, 

Shears, 

Hoists. 


Lifts, 


Accamnlators, 
Intenslflers, 
Yalves, 
&c.,  &G. 


ABC  Code,  4th  Edition,  used. 

TclciJraphlc  Address:  "Press,    Leeds.*' 

Telephone  \o. :  2362. 


ie#«#«#«^^«««^$«««#«$««$«««^t«««$#«#««#^««««««^»««di 


CIM  Rtliaiice  CMbricatiiia  Oil  Co. 

Manufacture  and  Supply  the  Hest  and  Cheapest 

HIGH-CLASS    NON-CORROSIVE 

LUBRICATING    OILS 
AND    SOLIDIFIED     LUBRICANTS. 

C.istor,  I.ird.  01i»e.  Neatsfoot.  and  Unseed  Oils,  Tallow,  Sic 


JPltisOlortft 
S  your  OPMle 
w  to  Buy 
J  Direct 


CIK  Reliance  tMricatiiifl  Oil  Co., 

19  &  20,  Wat«r  La  no,  Great  Tower  Street, 

LONDON,  E.C. 
Also  99,  Great  Clyde  Street,  Qlaoirow;  and  dS^ 
I  1,  Sandhill,  N»wcaetlo-on-Tyne.  xT 

I  Telegrams:    "SUHASTRAL.  LONDON."  jf 

I  Telephone  No.:  AVHNUB  5891.  ABC  Code  Used.  <jS| 


^*'l 


»t»jMJ»»»***»»********i»*»i»»»»»»»»*»»*J%»J%J%»J»»»*»J»J%J%»»»J%»i»J»4Mfei%^*^#^^^^4JM^^^Ji^^j»g 
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TAYLOR 


AND, 


C HALLE N 

CRflineers  $  macMnists, 


«MOiia  OUR  twcuimts  utt 

Power  Prmts,  Cc«ls, 
SbMrs,  and  CatlKs. 

For  Sheet  Metal  Drawing,  Stamp- 
ing.  and  Spinning,  &c. 
See  accompanying    illustration   of 
our  Double  Crank  Forging  Press 
for  Clipping  Drop  Porgings. 

Prm  Cool$. 

For  the  production  ot  Electro 
Light  Fittini;s,  Cycle.  Motor 
Dynamo,  and  Telephone  parts. 


macMRery. 


For  the  production  of  Coins,  Solid 
Drawn  Cartridge  Cases  for 
9 mall  Arms  ana  Quick  Firing 
Guns.  Smokeless  Powder,  and  Gun 
Cotton,  &c. 


t 


DERWENT  FOUNDRY, 
CONSTITUTION  HILL 
BIRMINGHAM.  c^k^k^ 

14  Digitized  by  VjOOQ IC 


Machine  Tools 


Wood  Working 


Complete  Catalogue,  containing 
over  300  illustrations,  sent  .  . 
free  on  application 


Machinery, 


DL    HEAVY    PLANING   and    THICKNE88ING    MACHINE. 

Kiesslings  Machine  Co., 

46,  RIVINQTON  STREET,  OLD  STREET,  LoNDON.  E.C. 


Digitized  by 


Coogle 


BUiMmL 


Milling  Machines 


Garvin  Millinb  Machines. 

PLAIN  and  UNIVERSAL. 


New  No.  2^«. 
UNIVERSAL  MILLER, 
shown   with  Tool    Tray 
complete. 


Some  Points  . . 


NO 


Regarding  the  New  Style  Nos.  2i.  X 
&  4  UNIVERSAL    MILLEEIS.    ^ 

OVERHANGING  BRACKETS. 


NO  FEED  BELTS. 

Power  Feed  with  Reverse   and   Automatic 
Trip  provided  in  all  directions* 

Table,  in-and-3ut,  up-and-down,  and  any  feed 
now  obtained  by  simply  setting  a  handle* 

Complete  control  of  all  the  movements  by 
one  handle* 


General   Description. 

MICROMETER  READINGS  TO  ALL  FEEDS. 

ARM  BRACES  ON  ALL  GEARED  MACHINES. 

SCREW  FEEDS  TO  ALL  MACHINES  (except   No.  IV. 

TWO  TABLE  FEED  NUTS,  one  adjustable* 

PROTECTED  FEED  WORKS. 

REVERSE  WHILE   RUNNING. 

ELEVATING  SCREW,  provided  with  BaU  Thrust. 


No.  16.  PLAIN  MILLER,  for  heavy 
millins  of  any  descriptioa.  Suitable 
for  Machine  Tool  and  Entine  Builders, 
and  for  General  Manufacturing. 


C.  W.  BURTON  BRIFFITHS  &  CO., 

1.  2.  d  3.  Ludgate  Square.  Ludgate  Hill,  LONDON,   E.G.; 
and  at  59,  Finnieston  Street,  GLASGOW.        ^  i 

Digitized  by  VjOOQ IC 
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Machine  Tools 


Luke  &  Spencer,  ua.. 

BROADHEATH, 

MANCHESTER. 


Teleffraphlc  Address : 

''Emery,  Altrlncham.' 

National  Telephone : 

"  Altrlncham  49. " 


Manufacturers  of 


GRINDING. 

and 

POLISHING 
MACHINES. 
EMERY.  .  . 
WHEELS.  . 
Etc 


Send  for  our 
Enlarted 
Catalogue, 
free  on 
Application. 


SCHISCHKAR  &  COMPANY,  Ltd., 

Sole  European  Agents  for  the  ACME  AUTOMATIC  SCREW  MACHINE. 

Output  three  to  four  times  that  of  any  Single  Spindle  Machine. 
Greater  Accuracy,  Better  Finish. 

IMPROVED    DISC    GRINDERS, 

UNIVERBJLIi    CUTTER    ORIMDERB.    *e..    *o.. 

THE    MILWAUKEE    MILLING    MACHINE. 

Write  for  Catalogue  and  Prices  to 
66    to    69,    STAFFORD    STREET,    BIRMINQHAM. 


Sawing  6  Woodworking  Machinery. 


Contractors  to  most 
Governments,  many 
Railway  Companies, 
Collieries,  Shipyards^ 
Dockyards,  &c„  &c- 

JS 


Over  I, coo 
Workmco     em- 
ployed in 
this 
Department. 


Catatogrues  and 

Prices 
on  Application. 


Over  70,000 

Sawing    O    Wood- 

worKing  Machines 

supplied. 


GRAND  PRIX,' 
Paris,  1900. 


Over  70  Gold 

Medals 

and  other 

Highest 

Distinctions. 


HFA  Large  Patent  Horizontal  Band  Mill. 


TJ^YD^¥if  I^TIPD      A9     f^f\  chief  Omce  and  showrooms:  T  Jl  17    A^ 

IVIKV/OINlLrK  GT   V/U.,  zuzs.  tabernacle  st.,  L/OndOA,  IL.V/. 
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Machine  Tools 


^  OS.  G.  NICHOLSON  TOOL  Go 


Engineers  and   Machine  Tool  Makers, 


"  MAClltNEflY/ 


OTY  ROAD  TOOL  WORKS, 

NEWCiSTLE'ON'TTNE. 


A   LABOUR   SAVER 


for  the 


BLACKSMITH'S  SHOP. 


The  "Standard"  Hand  Power 

Welding  &  Forging 
Machine. 


I 


Two  wamm  ^nn  wvld  U«r»  atid  %hmU% 
t»»  tllU  «i«chlit«  M|»  lo  lHtY«  Inch** 
dlaiii*t«r^  a  ad  Ihrv*  m«fi  uo  1«»  «!> 
ificfcr*  dlftin*l«r.  Ui%f«  man  iin  lh* 
tnr#f  tiv«i«  a  tir*»m«r*  nn  th«*  tar  of 
2(1  loQft,  wliN  b  tan  b*  MtiH«#d  fo  com* 
&r«««  c«tl«r«  and  |Kia««a  In  Iran  barm* 


iQwcm:  cm  SHAfr 


^11 K    «4|«ilMim    llt«i»tr«ttMi     mfeo*m 
%^    ««vn0lpa   «*f  vt^arH    wblrli   cAti    W 

Hatii*  ciiU^lliMr*  ofi    a^«f^    and    tbr 
riau  K«i*  ta  «^lr«^  «ia«ir4^««««^    B^b^tLt 

€-t4Ura    a«i4     iiihaa»%    In    t««»d    bara^ 


tttLMK     POST     T« 


^ 
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WINN'S 

SCREWING  MACHINES 


FOR  TUBES  AND  BENDS.  ALL  SIZES  MADE. 

Also   o^bep   Xypea   fov   IBolta   ctnd   M'v&^s. 

CharlesWinn&Co. 

ST.  THOMAS  WORKS,  BIRMINGHAM. 
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Machine  Tools 


WILLIAM  RYDER,  LIMITED, 

BOLTON. 


Five   . 
Hammer 
Forging  . 
Machine, 


THE    BOLTON   BLACKSMITH. 


FROM    STEEL    BAR    IN    ONE    HEAT. 


TIME.    27    SECONDS. 
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ELECTRICALLY  DRIVEN  T0CL8 

SPECIAL    MOTORS 
FOR    ALL    KINDS    OF 
HEAVY    MACHINERY. 


4^IDED    PUNCHING    &    8HKARINQ    MACHINE. 


CROMPTON  &Co.,  Ltd., 

ARC    WORKS,    CHELMSFORD. 


Head  Office  :-SALISBURY    HOUSE,    LONDON    WALL,    LONDON,    E.C. 
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Miscellaneous 


THE 


Wheeler  Condenser 


AND 


Engineering  Co., 


179,  Queen  Victoria  Street, 
LONDON. 


The  moat  compact,  duralilo,  and  ^rflcieiit  Cooling 
Tower  Manufactured. 

Maximum    reduction     with    minimum     losa     by       * 
evaporation. 


90,000  h.p.  operating  In  Great  EHUIn. 
05,000  h,p.  in  process  of  construction. 


LOBNITZ'  GOLD  DRBDOBRS  ARE 

AT  WORK  IN  BRITISH  NORTH 

AND  SOUTH  AMERICA,  AFRICA. 

A3IA.  ftc 


UM>TeO' 


*J?°-"--~**- 


Telegraphic  Address: 
LOBNITZ.  RENFREW.    Ai  Code  used. 


The  "  Kingston"  Patent  Dredger  6  Excavator, 


"Kingston"  Dredger  and  Grab 

fixed  upon  a  Hopper  Barge  or  150  tons  capacity, 
having  separate  propelling  engines  and  special 
boiler,  as  supplied  to  the  Spanish  Government. 


Sole  Manufacturers  and  Patentees— 

ROSE,  DOWNS  &  THOMPSON.  Ltd..    °'*  ^-"l-  »V2':'ik."A''u;n..  london. 

22  Digitizec 


11?    Mining  Machinery 


.    THi 


NEW    . 


Caljx  Patent  CORE  Drill. 

CORES-     3  In.  to  20  In.  DIAMETER. 


^  i 

11 
11 


I 

s 
I 

*& 


I  I  i 

I  i  ^ 

I  U  S 

Z  o  ^ 

£  ^  8 

"2  S  ^ 


Diagram  i  of  actual  size. 

Contracts  undertaken  for  Boring 

ARTESIAN  WELLS  &  COALFIELDS. 

COAL  CORES  A  SPECIALITY. 


The  New  Calyx  Drill  &  Boring  Co.,  Ltd., 

161  to  164,   Dashwood  House, 
NEW    BROAD    STREET.    LONDON.    E.C. 


431  WiLFiET  Tables 


Have  been  iostalled  by  the.  .  . 
ANACONDA  COPPER  COMPANY, 
and  are  now  lu  use  at  that  mine. 


If  yon  are  In  the  market  for 
CONCBNTRATINO  MACHINBRY. 
send  for  particulars  of  the  No.  4 
WILPLBY  TABLB.  to  be  obtained 
of  the  Sole  Proprietors:— 


THE  WILFLEY  ORE   CONCENTRATOR 
SYNDICATE,  Ltd., 

7- 1 1,  Moor^rate  Street,  London,  EX. 

Telegraphic  Address  :  "  Wrathless,  Loxdox." 

Telephone  No. :  1652  London  Wall. 

Codes  used :  Bedford   McNeill  ;  A.  B.  C. ;  Moreing  &  Neal, 

General. 

More  than  4^000  Wilfleys  have  been  eold. 
Upwards  of  600  mines  arousing  our  Concentrator. 


THI 


Phosptior  Bronze  Co., 

80UTHWARK,   LONDON,  8.E. 


Sole  Makers  oi  the  Original  "  Cog  Wheel  "  and  **  Vulcan  "  Brands  of 

"Phosphor  Bronze"  Alloys 

which  have  for  many  years  been  recognised  as 

THE  BEST  AND  MOST  DURABLE  OF  METALS 

For  Slide  Valves,  Bearinfirs.  Bushes,  Eceentrie  Straps,  and 

other  parts  of  Machinery  exposed  to  Friction  and  Wear. 

Also  for  Pump  Rods,  Pumps,  Piston  Rings,   Pinions,  Worm 

Wheels.  Motor  Gearing,  etc. 

Castings  in   Phosphor  Bronze, 

Gun   Metal,   Brass,  and  other 

Alloys.      Machined  if  required. 
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1)1     Mining  Machinery 
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Electrical  &•  General  Engineers, 


"^fV 


Newcastle  on  Tyne. 

(  En  G  L-A  N  D. ) 

Telegraphic  Address  :  •'  ESCO,  NEWCASTLE-ON-TYNE."  LONDON  OFFICE  :  20,  New  Bridge  Street,  Blackfriars. 

Bfdild)  Offices  S  London,  Glasgow,  Capdiff,  Sheffield,  Birmingham,  Calcutta,  Bombay,  Bangkok,  Shanghai, 
Johannesburg. 


The    .... 

Illustration  . 
shows  one 
of  our  Three- 
Throw  .  .  . 
Mining  .  .  . 
Pumps  and 
Motors  .  .  . 
direct  geared 


MINING  MACHINERY 

Pumps,  Haulage  Gears,  Coal  Cutters,  Drills.     Engines,  Dynamos,  Motors,  Fans,  Cranes.  &c^  &c. 
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IBl^mMmJ     Mining  Machinery 


Blast    Furnace 

GAS    ENGINES 


(KORTING'S    PATENT). 


Engineering, 

Mining, 

Milling, 

Smelting, 

Concentration 

and 

Leaching 
Machinery. 

WINDING  ENGINES. 


ROBiNS' 

CONVEYING   PLANTS. 


Riedler    Pumps* 
Riedler 

Air  CompressorSt 
Riedler 

Electric  Pumps. 


500   H.P.    KoMlDff   Blast   Fupnaoe   Oas   Xnflrine.    with 
RIedlep   Stumpf  Blowtnflr  Cyllndep. 


FRASER  &"  CHALMERS, 

LIMITED. 
OFFICES:    43^   THREADNEEDLE   STREET,    LONDON,    E.G. 

Works :  ERITH,    KENT. 
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[LLUSt RATED    PJIVPBLBT   HAY  BE    HAD  OH    APPLICATION. 


Aerial  Ropeways 

AND  INCLINES  ON  ALL  SYSTEMS 

COHSTRUCTED  BV 

BULLIVANT  &  CO.,  LTD 

(From  Jcsifins  by  W.  T.  H.  CARRJNGTON.  M  Inst.CE.) 

EXAMPLES  AT    WORK    ALL    OVER   THE    WORLD. 


Ii«ach7    Head    Ro^peway^ 


1tojiewsy$  ooiiitriioted  to  carry  fmin  EO  to  2,000  tons  per  tfay*     Sultabli  far  tht  frantport  of  ftlf 

ct««orlptions  of  matertali. 

MAKERS    OF 

Flexible  Steel  lire  Hopes  for  Cranes,  Lifts.  Hoists, 

SaspeosiOD  Bridges  Jopeiays,  &c.,  Hauling  and  lining 

Gear,  and  Pulleys,  Clamps,  &c. 


Rogd*  Offloo:   72,  MArl^  La^e,  E.C. 


Warks  .  MilFwall.  L 
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BMMlmW      Aerial  Ropeways 


ADOLF  BLEICHERT&C 


0. 


LEIPZIG-GOHLIS, 
Germany, 


/l>anufacturerd 
of  .  •  . 


M»^ 


^m 


«L 


W^ 


^rmt 


For   the    rapid  and   economic 
handling  of  COAL,  IRON  ORE  and 
BULK  MATERIAL  at  Doclcs  and  Manufacturing  Plants. 
#      #      #      #      ELECTRIC     OR     STEAM     DRIVEN. 
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Hoisting  and  Conveying  Plant,  erected  for  the  Norddeutsche  Kohlen  &  Coakswerke  a.g.  Hamburg. 
These  Three  Cranes  unload  1.500  Tons  Cargoes  in  Ten  Hours. 

SHIPBUILDING    and   YARD   CRANES. 

Cable  Hoist  Conveyors.       Blast  Furnace  Hoists. 

THREE-MOTOR    ELECTRIC    TRAVELLING    CRANES, 
^     ^     ^     Improved    Band    Friction    Hoisting    Machinery. 

Plants  also  dt-si.mied  in  connection  with  HLEICHEKT'S  WIKE-ROPE  TRAMWAYS, 
as  per  aclvcTti>cinent  of  the  precedinji  and  following  number. 


AN    EXPERIENCE   OF  30  YEARS. 


1Rcprc0entattvc  : 


J.  SCOn-AMDERSOB.  "^"-^^ 


PiopoMsls  Cbeertully  Furnlthtd, 


M.I.Electr.Eiign« 
SHEFFIELD,  Royal  Insurance  Buildings. 


28 


Digitized  by  VjOOQIC 


lEElf^^^v^y^"^  Machinery 


^j,^^^ .^..JIL. 


t"!  M  ■  IB, 


CONTRAOTOR8   TO   H.M.   GOVERNMENT. 


GRAHAM,  MORTON 


MAKERS- 


WORKS:   LEEDS,    ENG. 


&   CO.,    LTD., 


CONVEYING  PLANTS 


HUNDREDS    OF  PLANTS    ERECTED. 
COMPLETE    CRUSHING    &    SCREENING    PLANTS 

.  .  FOR  .  . 

MINES,    COLLIERIES,    EXCAVATIONS,    GASWORKS,    &c., 

WiTM  ALL    OIRDBR    WORK,   STRUCTURAL    IRONWORK,   STEEL    BUNKERS,    Ac. 


Designs,  Estimates,  and  full  particulars  can  also  be  obtained  from  our  Engineering  Office,  P.O.  Box,  3693  Johannesburg. 
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lin  m " 


CdNSETT   IRON    COMPANY  L 


WORK  S 


OFFICCS    -  COM5ETT  c  Durham 


Steel    Plates  &  A.ngles 

(Siemens    Acid   Process'. 

Tees,  Bulbs,  Zeds,  Channels,  Bulb  Tees,  and  Angles, 

ROUND,    SQUARE    AND    FLAT   BARS. 

STEEL    CHEQUER    PLATES 


BESSEMER    PIG     IRON. 


Oval  and  Diamond  Patterns. 


WEEICIL.'V    OUTPUT 


Steel   Plates 
M      Angles 


2,500  Tons. 
1,500       ., 


COAL  OWNERS  and  Makers  of 

^     #      Firebricks,  CoKe,  6c.r  for  Blast  Furnaces  and  Foundries* 


Material   of  the   HIGHEST   QUALITY   inftnufactured,   such  a$  Is  used   by   Uie   British   and   Foreign   GoFernmenU  for 

ShlpbuildlnjT   nnd    Engineerin^r   purposes. 


OPntFS 


^CON5ETT'>^«h'^^andnevvcASTLE  '•-TVNE 
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Iron  and  Steel 


Brown  Bayley  s  Steel  Works,  L" 


^,      _.  ^  "BAYLEY,  SHEFFIELD/ 

TeleifrapMc  Adlrasses   ^^  ,,^^^^    LONDON." 


SHErriELD. 


Manufacturers  of  Steel  by  the  rSlEMEN'S"  and  *  BESSEMER"  Processes.       n 

MAKERS  OF     .     * 

Tyres,     Axles,   and   Sprlni^d  lor  SpecUl   Guaranteed    Spriojt    Steel    for 

Railway    Loco  mo  lives,    Rariwajr  Railway    Locomotive   Sprinj^t,    Railway 

Carriages  and  Wai^ons,  and   for  Carriage   and   Wag:on   Springs,  and   for 

Tramway  Engines  and  Cars,  Lorry,  Dray,  and  Cart  Springs^ 

^nrC  C  M        a^  tJi^I \Jtw  C     Pl^n^'^hctJ  Stcel  Hars  for  Shafttn;:  for  Engineers, 
tD  i  CCLf     i\jM\lJMiy\J  i3.  and  AgncuUural  Implement  Makers. 

SPECIAL  STEEL  BLOOMS  AND  SLABS. 


•Il    London  Office:   Suffolk  Houset  Lawrence  Pountney  Hill,  ex. 


^iilHMMlKM?  Iron  and  5teel,  &c 


Castings  FOR 

ENGINEERS  &TOOL  MAKERS 

TO  WACHtNE    CLEAN   fi.  BRIGHT 
ALL    OVER. 

Parker  FouNDRYfcDEKBY. 

OK    ADMIRALTY     LI  G  T. 


RAILS 


^*    POINTS  AMD  CROSSIRGS. 


^       LEEDS 


Fried.  Krupp 
Grusonwerk. 

Magdeburer-Buckau  (Germany). 


Complete  Installations  for 

Powder  aiui 

^    Explosive 

Factories. 


Agent  for  Great  Britain  and  Ireland  : — 


W.  STAMH, 


25,  College  Hil), 
Cannon  Street*  London,  E.G. 


F.  A.  KEEP,  JUXON  &  Co., 

Riveted  Work 


Manufacturers  of 

TANKS  for  Water  Softening  ©  Purifying  Plants 


of  all    •    . 
Descriptions. 


MISCELLANEOUS 
IRON-PLATE  and 
CONSTRUCTIONAL 
IRONWORK. 

Railway   Carriage  TanKa 

a  Speciality. 

PERFORATED  SCREENS. 
DAM    PLATES  and  other 
COLLIERY   IRONWORK. 

Forward   iVorks, 

BARN    STREET. 

BIRMINGHAM. 

National  Telephone :  3779. 

Telegrams:  "Structure*.  Birmingham. ' 
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♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


Bent  CranKs 

(SQUARE    OR    ROUND). 

FORCINGS,  3HAFTS,  Ac, 

for  Marine  and  Other  Purposes* 


••» 
•!» 

••» 
•!• 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 
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Th«  above  ropr«s«nts  a  Group  of  Crank  Axloa  ban*  by  hydranllo  pranoro 
all  throws  bent  tn  position,  twlatlnf  balnf  dispensed  with. 


WOODHOUSE  &  RIXSON 

SHEFFIELD. 
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CHUBB'SENBINEERS'SAFE 

FOR   PRESERVING   DRAWINGS,    Era 

Chubb  &  Son's 
Lock  and  Safe 


Company, 

LIMITED. 

HKAD    OPPIOKi 

128,  Queen  Victoria  Streetp 
London,  EX. 


WORKS I 

ILLUSTRATED  pfttcE  LtsTs  ON  AFPucATtoN  London  and  Wolverhampton.  •  • 


DROP- FORCED  WROUGHT  STEEL  SPANNERS. 

V^^     To  suit  3-teths  I 


e 


Armstrong,  Stevens  &  Son, 

WHITTALL  STREZET. 

Birmingham. 

Price  Lists  on  application. 
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Farnley  Iron 


HAMMERING    BLOOMS. 


Farnley  Bar  Iron  is  used  in 
Mining  for  pit  cages,  suspending 
gear,  and  other  important  parts, 
and  on  all  the  leading  Railways 
in  Great  Britain,  India,  and  the 
Colonies,  for  shackles  and  other 
vital  parts  subjected  to  repeated 
shocks. 

Farnley  Iron  will  stretch  cold 
from  U"  in.  to  2fit  in.  in  a  length 
6f  6  in  before  fracture,  and  is 
safest  for  WJBldlng. 


Address:  The  Farnley  Iron  Co.,  Ltd.,  Leeds,  England- 


ON   ADMIRALTY   LIST. 


Telegrams:  "CRANKS.  LINCOLN.' 


FOR  eRAXKS 
&  PORGIXGS 
eP  EVERY 

OEseRiPTiex 
WRITE  re 


m 


eLARKE'S 
eRANK  & 

FORGE  ee., 

LTD.,  LINeeLN, 
ENGLAND. 


Bumrnm 


Iron  and  Steel,  &c. 


it  ■!■ 


WALTER    SCOTT,    Ltd., 


LEEDS     STEEL  Telegrams: 
••  Bessemer, 

WORKS  .    .    .        ''"■"^" 
LEEDS,  ENGLAND. 

Manufacturers  of   •   • 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Steel  Blooms,  Billet^ 
Slaixt  Tinban,  Rounds, 
and  Flats. 


%    SpeciaiHVtTrAmrails. 


One  section  of  the  steel  work— Karachi  Pier.  India  (Photographed  upfide  down).    The  extension  of  the  Pier,  for 
which  we  soppUed  the  whole  of  the  iron  and  steel  work,  was  iJm  feet  in  length,  the  weight  of  the 
material  approximately  being  2.000  tons. 


Books  of  Sections  and  other  in/ormatum 
on  application. 


RICHARD    DAVIES   &   SONS. 


VICTORIA 
MflBOLTANDNUT 
WORKS, 


BILBERRY 

ST., 

MANCHESTER. 


Manubctunn  of  BOLTS,  NUTS,  VASHERS,  RIVETS,  TIE-RODS  IN  IRON  OR  STEEL.    AIk>  BEST  BRIGHT  FINISHED  NUTS, 
SET  SCREWS,  WASHERS,  kc,  FOR  ENGINEERS  AND  MACHINISTS.    TtlHrmt:  "  NIUaOH. 


STEEL  CONSTRUCTION 

IN    ALL    BRANCHES, 

Buildings   Designed  and   Erected  in  all  Parts  of  the]  World 


ROOF  FRAMES,  TRUSSES  AND  GIRDIFS, 

BLAST  FURNACES  AND  STEEL   VOFKS.CUPOL/S,  LADLES,  CONVtRTEPS, 

BOILERS,  TANKS  AND  HEAVY  PLATE  WORK. 
GAS  HOLDERS,   PURIFIERS.  ETC, 

OPEN  HEARTH   FUFNACE  CASINGS, 

CHIMNEYS,  RIVETED  PIPE,  CORRUGATED  IRON. 

RITER-CONLEY    MFG.   CO.,    pittsburg,    p.a.,    u.s.a.  , 

New    York    OfRce :    39-41,    Cortlancit    Stroot. 
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Roofs,  &C. 


■iifc  II  * 


More  durable  than  iron.  Cheapest  for  all  spans  upto  100  Feet 


D.  ANDERSON  &  SON.  Ltd.. 


LAGAN    FELT   WORKS.    BELFAST,   and 
FINSBURY    PAVEMENT    HOUSE.    LONDON,    E.C. 


Portable  Building  Co.,  Ltd. 


The 


Finsbury  Pavement  House^ 

LONDON. 


TLEETWOOD. 


Manchester  Chambers, 

MANCHESTER. 


Buildings 

for  Home 

and 

w*  I      nilitary  Quarters,  Kesidences, 

^       '  Bungalows,  &  Hotel  Buildings. 


Portable, 

Artistic,  and 

Comfortable 

Dwellings. 

SPECIAL  DESIGNS   FOR  ALL    CLIMATES. 

Buildings  Packed  &  Marked  in  Sections 
for  Easy  Transport  ff  Erection. 

1^  DELIVERED    FOB.    LIVERPOOL,   LONDON,    or    SOUTHAMPTON. 

^'A      Estimates,  Designs  ^  Catalogues  Free. 

South  African  Addrsss  i 
.^  P.O.    BOX    175    JOHANNESBURG. 
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Bridges 

IHi  ■ 


THE  CLEVELAND  BRIDGE  &  ENGINEERING  CO.,  LE 

Darlington,   England. 
Bridge   Builders  and   Contractors. 


Laytown   IJridj^c.   on    the   Great   North   of    Ireland    Railway.     Tht«;e   Twelve   Cylinders   were   sunk   by  pneumatic  pressure. 


SPECIALISTS    IN    DEEP   WATER    FOUNDATIONS. 

OontrACtore  for  th«   Naw   HIGH     LKVKL   Bridge   ov«r  th«  Tynm  at    N«wcastl«  about  half  a  mil«  loni:, 

carrying  four  railroads  for  tho  N.K.R.  Co. 
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Wells  Light 


i^OQOOOSt 


8 


!SSi 


8 


0 


"01(11$  CiaM" 


\>P»h; 


POWERFUL 


(WAUWOKK  *  WBUr  PATENTS). 

PORTABLE     LIGHT 

Up  to  5,000  Candle  Power. 


FROM     OIL 


For  ENGINEERS.  CONTRACTORS, 
QUARRIES.    MINES. 


SHIPYARDS.  RAILWAYS.  COLLIERIES, 
HARBOURS.    DOCKS,    etc. 

OVER     /5,000     SOLD. 

Supplied  to  500  British  and  Foreign  Railways. 

Adopted,  by  26  GoTernments  and  all  leading  Firms. 

Exclusively  used  by  the  Great  Military  and  Naval  Powers. 

No.  a    Lamp.     500  Candle-power.    Small  Hand  pattern         

„    I.        Do.      500  or  I  500  Candle-power.     Hand  pattern 

.,    2.    1,50c  or  2.500  Candles.    Useful  and  Portable  pattern 

..    3-    2.500  or  3,500  Candles.    Manchester  Ship  Canal  pattern  

„    4.    3.500  or  5,000  Candles.    A  most  powerful  Lamp  . .         

Burns  either  heavy  Wells*  Oil  or  Petroleum,  but  the  former  is  very  cheap  and  ^iv 
30  per  cent  more  light  than  petroleum. 


>4 


8 


Kettle  Torch  Lamps. 

The  Miner's  Favourite. 

Thousands  Sold. 

Used  exclusively  by  De  Bets  7. 

Randt  Mines.  &c. 

Also  hirgely  used  by  Con-  ^^. 

tractors.  Corporations,   '^ 

iCollieries,  &c. 

Large  Flaming  Light. 

N'o.   18,  3  Pints,    ij  in. 

Wick,  4s.  6d.  each. 
Xo.  28.  same  shape   a^ 
above,  but  having  two  Wick^, 
6  Pints,  9s.  each. 


A  Splendid 
Lamp,     fttted 
with  2  in.  Wick. 
5  Pints  capacity 
9s.  each.  Suit- 
able for  Sewer- 
age and   Drainage    Work 
Steam  Trawle*  s.  &c. 


WELLS'  OIL  CAS 
CEHERATIHC   LAMPS. 

Light  from  Kerosene  or  Petroleum 

without  Wick,  Smoke,  or  Smell 
at  less  th;»n  One   Penny  per  hour. 


Perfect  Safety. 

Xo  Explosive  Naptlut 

used. 

Thousands  sold. 

Unaffected  by    Wind. 

EACH 
No.  13,  3  hours  11/9 

No.  I2A.  with  Tfipod  IS/O 
No.  13,  5  hours  14/- 

No.  13A.  with  Tripod  17/- 
No.  14.  7  hours  . .  le/- 
No.  14A,  with  Tiipod   IQ/. 


Extra  Burners 
for  above. 
2s.  each. 


Well^  Lightning 


UME&  COLOR 

WASHER. 


WALLWORri:  kwciiJWCiira 


NO    OUTSIDE    POWER    REQUIRED. 
LIME.   WHITING.  OR  COLD  WATER   PAINTS, 

Jlpplt.d  at  .  sp..d  of  from  •*  to  10  sqniw.  yiipd. 
p.r  mlnau.  In  a  maanor  ■np.rlor  to  brash  »ark. 

0     One  coat  with  the  Macbhie  on  rough  surfaces  is  equal  to  two  applied  with  brushes. 

Will  save  First  Cost  in  a  Few  Weeks. 


No. 
No. 


I. 
2. 


Price, 


with  5  ft.   Spr.iying  Pole,  and  20   ft.  Special 
Aimourcd   Hose, 


Price,  with  Wheels.  5  ft.  Spraying  Pole,  and  20  ft. 
Special  Armoured  Hose, 

Bam«  oapaeUy  as  Mo.  1  Haehln*. 


£8 
£10 


lOs. 
lOs. 


i 

g  A.  C.  WELLS  6    Co.. 

H  100a,    Midland   Road,  St.    Pancras, 

B         Works :  ChMtham,  Manchester.  LONDON.  N.W.^ 


8 

U 

8 
8 

I 

I 
8 

8 


:^^ngsst:^Qtii^^^tittttgttaQi 
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BAYLISS, 


JONES  &BAYLlSS.l^ 


KFRS. 

OF 

IRON 

AND 

WIRE 

FENCINC,     , 

HURDLES,   ^ 

RAILING, 

GATES, 

TREE' 

GUARDS. 

&e. 


WOLVERHAMPTON 

LONOON  SHOW  rooms:-     ^ 
^S3&l*l  CANNON  ST  EC 


AlttO 
MANUFACTURERS 

"EUREKA" 
LOCK-HUT, 

ALL   KINDS  OF 

RAILWAY 

TRAMWAY 


Low 
Prices. 


FASTENINGS 


:.  b^^^v  If?::*;--, 


^^W^l    GALVD. 
i^.l^Ejt  1  TELEGRAPH 
POLES, 
TIE- BARS, 
NAVVY 
BARROWS, 
&c«v  Ac* 
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Brown  Bayley's  Steel  Works,  Ltd. 
Brown  Hoisting  Machinery  Co. 
Brush  Electrical  Engineering  Co.,  Ltd. 

Buffoline  Noiseless  Gear  Co 
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High-class 


LUBRICANTS 


For  Machinery  of  Every  Description. 


PtfOTIOE.— During  the    recent  trials  of  H.M.S.  "VIPER,**  when  her  En^nes  developed  12,000  Indicated  Horse- 
a   a  power,  and  the  Admiralty  mean  speed  for  the  six  runs  showed  36*581  knots,  or  a  velocity  equivalent 

to  43  miles  an  hour,  our  Lubricating  Oil  was  used  with  most  satisfactory  results. 


BLUMANN  &  STERN,  Ltd.,  Sri;  Deptford.  London. 


Telegrams t  "BLUMANN,  LONDON.* 


Telephone  No.  I  92  DEPTFORD. 


S  E. 


THE. 


Simplex  Steel  Conduit 

g^  I"  CONDUIT 

C/Om   I^TDm     manufacturers, 
80,  Digbeth,  Birmingham. 
20,  BucKlersbury,  London,  E.C. 
1,  Peel  Street,  Manchester. 


SIMPLEX 


^ 


COMTRMCrORB   TO 
H.M,  QOVKRMMKNT  4 
LKADIMO     MUMICIRAL    4 
Blkctrical  CORRORATIONB. 

Bigbcst  ilivardTP'Ht*  hop. 


THE  SIMPLEX 

System  of  Steel 
Conduits  is  the  best  for 
Interior  Wiring  Work. 
It  is  the  most  complete, 
and  comprises  six  grades 
of  Conduits,  and  over  500 
fittings.  It  IS  manuhic- 
tured  with  the  greatest 
care,  and  only  first 
quality  materials  are 
used. 

Imnittdlata  D«llv«ry. 

Large  Stocks  at 
Binihiilian  A  LMdM. 


INQUIR/ES 

SOL/C/TEO. 


Ttttframt : 
"Coomny,  Bir«l«|kaM.' 
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Ventilation 


MATTHEWS  &  YATES,  L 

Swinton,    MANCHESTER. 

Electric 
Motors 

Fully  6  Semi- Enclosed. 
:  to  20  B.H.P. 


TD. 


SEND  FOR  OATALOQUE  OF  OUR 
OTHER  SPEOIALITIE3. 


LONDON:  84,  Gray's  Inn  Road. 

GLASGOW:  144,  St.  Vincent  Street. 

NEWCASTLE-ON-TYNE : 

3,  St.  Nicholas  Buildings. 


BLACKMAN  ELECTRIC  FANS 

(Or  Belt  Driven) 

FOR  VENTILATING. 

OVER  60,000  IN  USE. 

MOST  CONVENIENT 
EFFICIENT,  & 
ECONOMICAL. 


GOLD    MEDAL 

PARIS,    1900. 


JAMES  KEITH  ft  BLACKMAN  CO., 

$pecialUt$  in  R^atlRO,  U^ntilaiiRg 

ana  liiflb  Fres$tir«  «a$  Lightinfl. 

27,    Farringdon   Avenue. 

LONDON,     E.C., 

And  BRANCHES. 

Works  I  HOLLO  WAY,  N. 
Foundries  I    ARBROATH. 
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CHARLES   GRIFFIN    &   CO/S    PUBLICATIONS. 

FOURTEE.NTH  EDITION,  Revised.    Demy  Svo,  Cloth.    With  Numerous  Illustrations,  reduced  from  Working  Drawings.     Price  2tS« 

A    MANUAL   OF   MARINE    ENGINEERING. 

With  A  Chaiitsr  on  WAter-Tub«  Boiisro. 
By  A.  E.  SEATON,  M.Inst.C.E.,  M.Inst.Mech.E..  M.Inst.N.A. 

Gbneral  Contents— Part  I.— Principles  of  Marine  Propulsion.    Part  U.— Principles  of  Steam  Engineering.     Part  III.— Details  of  Marine  Engines; 
Design  and  Calculations  for  Cylinders,  Pistons,  Valves.  Expansion  Valves,  etc.     Part  IV,— Propellers.    Part  V.— Boilers.     Part  VI.— Miscellaneous. 
"  In  the  three-fold  capacity  of  enabling  a  student  to  learn  how  to  design,  construct,  and  work  a  Marine  Steam  Engine,  Mr.  Seaton's  Manual  has  no 
rival."— rim«. 

"  By  far  the  best  Manual  in  existeacc:'—Athencntm. 

Second  Edition,  Revised.    With  numerous  Plates  reduced  from  Working  Drawings  and  280  Illustrations  in  the  Text.    2l8* 

A    MANUAL   OF   LOCOMOTIVE    ENGINEERING. 

By  WILLIAM  FRANK  PETTIGREW.  M.Inst.C.E.    With  a  Section  on  American  and  Continental  Engines 

by  ALBERT  F.  RAVENSHEAR,  B.Sc. 

General  Contents— Historical  Introduction.— Modern  Locomotives  :    Simple  :    Compound. — Cvlinders.  Steam  Chests,  and  Stuffing  Boxes.— Pistons. 
Piston  Rods,  Crossheads  and  Slide  Bars.  Connecting  and  Coupling  Rods.— Wheels  an  i  Axles.  Bearing  Springs.— Balancing.— Valve  Gear.— Boilers.— 
FiretHJX  Fittings— Tenders.— Brakes.— Lubrication.— Consumption    of   Fuel,   Efficiency.— American  Locjmotivts.— Continental    Lo.»motives  — 
Repairs.  Inspection,  and  Renewals.— Index. 
"  Likely  to  remain  for  many  years  the  Standard  Work  for  those  wishing  to  learn  Design."— £;ij?i«<v*. 

In  Large  Svo.    Handsome  Cloth.    With  Plates  and  Illustrations.    I6s. 

LIGHT    RAILWAYS   AT    HOME   AND   ABROAD. 

By    WILLIAM    HENRY    COLE.    M.Inst.C.E.      (Late   Deputy-Manager,    North-Western    Railway.  India.) 
General  Contexts— English  Railways,  Rates,  and  Farmers.— Light  Railways  in  Belgium.  France,  Italy.  America,  the  Colonies.  India.  Ireland.— The 
Light  Railways  Act.  i8<)6.— The  Question  of  G.iuge.— Construction  and  Working.— locomotives  and  Rolling  Stock. — Appendices  and  Index. 
"  Will  remain  for  some  time  yet  a  Standard  Work  in  everything  relating  to  Lignt  Railways  "—£»i^i«<«r/'. 

In  Liirge  Svo.    Handsome  Cloth.    Profusely  Illustrated  with  Plates,  Diagrams,  and  Figure.    248«  net 

CENTRAL    ELECTRICAL   STATIONS. 

By    CHAS.    H.    WORDINGHAM,    A.K.C..    M.Inst.C.E..    M.Inst.Mech.E.. 

Late  Member  of  the  Council  of  the  Institute  of  ElectHcal  Engineers,  and  Electrical  Engineer  to  the  Ctty  of  Manchester. 
General  Contents— introductory.— The  Establishment  of  a  Central  Station.— Systems  of  Supply.— Choice  of  Site — .Architectural' Features.— Plant  and 
General  Design. — Boilers. — Coal  Handling.— Generators.-Condensing  Appliances.— Switching  Gear.  — Distributing  Mains. — Drawing-iu  Systems.  - 
Insulation.   Resihtance.  and  Cost.— Testing.— Recording  and   Laying  of  .Mains.— .Meters  and  Appliances.— Standardising  and  Testing  — Stree 
Lighting. — Cost  of  Production.— Methods  of  Charging.— General  Organisations  of  a  Central  Station.— '^•^*'^' 
"  One  of  the  MOST  valuable  coxtribitio\'s  to  Central  Station  literature  we  have  had  for  siime  lime. 
which  have  pioduced  the  volume  before  us." — Electricity. 


-Street 
-IVDEX. 

We  wjnler  at  ths  industry  aal  piri3V-'ran:e 


London:  CHARLES    GRIFFIN    A    CO.,    Ltd.,    Exeter    Street,    Stran^r^  T 
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Vacuum  Oil  Co.,  Ltd 74 

Von  der  Heyde,  J.  Bennett        68 

Ward,  H.  W.,  &  Co 10 

Ward,  T.  W 12 

Waygood  &  Otis,  Ltd 98 

Weldless  Steel  Tube  Co. ,  Ltd 78 

Wells,  A.  C,  &  Co 39 

West  Hydraulic  Engineering  Co 13 

Westinghouse  Co.,  The  British ...        Inside  Front  Cover 

Wheeler  Condenser  and  Engineering  Co 22 

Wilfley  Ore  Concentrator  Syndicate,  Ltd 23 

WiUcox,  W.  H.,  &  Co.,  Ltd 73 

Williams,  J.  H.,  &  Co 31 

Winn,  Charles,  &  Co 19 

Woodhouse  &  Rixson 33 

Wrigley,  E.  G.,  &  Co.,  Ltd 48 

Wyckoff,  Seamans  &  Benedict 9 


THE  METROPOLITAN  AMALGAMATED 
Railw^ay  Carriage  6  Wagon  Co.,  Ltd, 

I NCORPO  RATING - 
The  Ashbury  Railway  CarriajSe  and  Iron  Co..  Ltd.  I  The  Lancistcr  Railway  Carriaj^e  &  Wagon  Co.,  Ltd. 

Brown,  Marshalls  &  Co..  Ltd  I  The  Metropolitan  Railway  Carriage  &  Wagon  Co.,  Ltd. 

And  the  Oldbury  Railway  Carriage  and  Wagon  Co.,  Ltd. 


Steel  Open  Goods  Wagon.    Uganda  Railway. 

Designers  and  Constructors  of  Railway  Carriages,  Wagons, 
Tram  Cars,  Underfraxnes,  and  Ironwork  of  every  description. 

Head  mnce-^^^  BiRMiNGHAM.  England. 


Telcphont  Ko. :  47  OLDBURY. 


Telegraphic  Addreas :  "  CARRIAGE.  OLDBURY." 

Xt 


^ 


Magnolia  Metal 


Magnolia 
Metal . . 


Best  Anti-Friction  Metal       ^it, 
for  all  Machinery  - 

Bearings. 


Flower*'  Qr&nd, 

The  Name  and  Trade  Mark  appear  on  eac& 
Qox  and  In«ot. 


Magnolia  Anti-Friction 
Metal  Company,  of 
Great  Britain,  Limited, 


49,    QUEEN    VICTORIA    STREET, 

LONDON,    E.C. 


T<}l«phane  :  S925  BanH. 


Teiesrams  :  ** MAGNOLIA.  LONDON/' 


BERLIN  :    FRIEDRICH    STRASSE.  71.  PARIS  :    50,    RUE    TAITBOUT. 

LIEGE.    BELGIUM  :    38.    RUE    DE    L'UNIVERSITE. 

GENOA,    VIA    SOTTORIPA  :    1.    PIANO    NOBILE. 


H^Mlf 


•^rr- 


Cranes,  &c. 


liiii        -'^^  * 


MACHINERY  FOR  ECONOMIC  HANDLING  of  MATERIALS 

THE  BROWN  HOISTING  MACHINERY  COMPANY. 

LONDON  OFFICE:  MAIN  OFFICE  &  WORKS:  NEW  YORK  OFFICE: 

3Q,  VICTORIA  ST.,  S.W.  CLEVELAND,  OHIO,  U.S.A.  a6,  CORTLANDT  STREET. 


5-ton  ELECTRIC  TRAVELLING  CANTILEVER  CRANE. 

For  Stocking  and  Loading  Material.    Span  :  325  ft. 


E.  G.  Wrigley  6  Co.,  Ltd., 

Foundry  Lane  WorKs,  Soho,  BIRMINGHAM. 

7(e/«g-rams:  "Cutters.  BiRMiNGH AM."  Telephone  No.:   108  Smeth wick. 

MANUFACTURERS  OF 

Milling  Cutters    Reamers 
Gear  Cutters        Sai?vs 

FOR  CUTTING  METAL. 


Roughing  Cutter. 


Worm  Hob 

WITH    RELIEVED    TEETH. 


RIOH-Ij^  HAND   CUTTER 

RalleTed   Angular  Cutt«r 
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I   Incandescent    Lamps 


OVER 

TWENTY 

YEARS' 

EXPERIENCE 


v) 


SEND    FOR    PRICE    LIST    TO 


QUALITY 

and 

PRICE 

RIGHT 


The  Brush  Electrical       ^rderr^at^a 


i  Engineering  Co  Ld 


LONDON  SE 

(South  End  of  Charing  Cross  Footbridge) 


i 


HADFIELD'S  co^^  LAY-OUTS 

•  •  •    OF    EVERY    SIZE    AND    DESCRIPTION    •  .  • 


HADFIELD'S  PATENT  MANGANESE  STEEL 

IS   THE    BEST    MATERIAL    FOR 

TRAMWAMRACK  WORK. 

TRAMWAY  POINTS  k  CROSSINGS 

TRAMWAY  WHEELS  k  AXLES 

TIE-BARS,  Etc.,  Etc. 

HADFIELD'Sfflfew^-^^SHEFFIELD. 

I  57  Digitized  by  VjOOQ ICe 


H  I'T- 


En}?ines 


Great   Economy  with 


Galloway 


PRESSURE    JlSOXJL#£^1VO 


AND. 


Galloivay 


sI-eTd:  engines 


STBEI^    BOII'ERS    (AH  Sim  aad  I 

STEiLBS    ENGINES   (Rish-qwMi  A  ttlMr  TypM)   QUIC^    DEI^IlTER^r. 


GALLOWAYS    Ltd 

MANCHESTER,  England. 

Digitized  by  VjOOQ IC 
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MaMffl? 


Engines 


•  ^»>  tk 


John  Fowler  &  Co. 


(LEEDS)  LIMITED. 


Electrical   and   General 
Engineers. 


Steam  Plough  Works : 

LEEDS. 


Fowler's  Road  LocomotiTe.  Deslcned  for  all  lUnds  of  Steam 
Haulage,  and  Is  also  available  for  temporary  belt  driving. 
Three  sizes  of  this  Engine  are  standardized,  and  employed 
approximately  for  20,  30,  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  eaual  to  a  load  of  50  tons,  and  called 
the  **  Lion  **  type.  The  Engine  was  thus  named  by  the 
War  Office  Authorities,  who  employed  a  number  of  thenk 
in  the  South  African  Campaign. 
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Engines 


The  Hunslet  Engine  Co., 


1864. 


SPECIALITY  : 

LOCOMOTIVE   TANK   ENGINES. 


LrEEDs,   England. 


Contractors  to  His  Majesty's  GoTernment,  The  Crown  Agents  for  the  Colonies,  Asent-Geneml  for  the  Cape, 
Public  Works  Department  of  Ireland,  etc.,  etc.  Manufacturers  of  TanK  Engines  of  all  descriptions, 
suitable  for  Contractors,  Collieries.  Iron  Works,  Quarries,  Docks,  Sugar  Plantations,  Tramways  ;  Light. 
Narrow  Gauge  and  Short  Branch  Railways,  or  Lightly  Constructed  Colonial  Lines. 

Telegrams  t   **  BMOIMB.   LBBD8.**  Telephone  No. :  528. 


C)U    lOin    X  Him 


(hiu^f  Mfl,  ^|(in. 


Cyts.  13in.  X  2Uin. 


Gauge  3ft.  Gin. 


OnK  «m«    \  Sm«, 


iM»«>;c  Ifl.  cm«\ 


c>>^  MO.  X  l^n. 


Gau^  ^ruf^iOi 


Digitized  by  VjOOQ IC 


Ilf  Railway  Equipment 


W.  R.  RENSHAW  &  CO., 


MANUFACTURERS    OF 


LIMITED. 


Railway  Wagons.  Railway  Carriages^  Railway  Ironwork. 


Railway 
Wheels  6 
Axles 

of  every  Kind. 


SPECIAL 
ATTENTION 
GIVEN    TO 
ROLLING 
STOCK    FOR 
SHIPMENT. 


One 


of  70  Special  Vehicles  constructed  for  Bamum  &  Bailey's  Show.     These 
have  run  on  all  the  principal  British  and  Continental  Railways. 


We  have  special 
modern  plant  for 
the  quicK  produc- 
tion of  .  .  . 

All-steel 
High 
Capacity 
Wagons. 


Telefframs : 
"Renshaws,  Stoke-on  Trent.' 
"Oplfleer.  London." 

Telephones : 
58  Potteries. 
16  Avenue,  London. 


Phoenix  Works,  STOKE  ON  TRENT. 

London  Office:  46,  King  William  Street,  E.C. 


Transportation  Development  Co.,  I^ 

Sole  Agents  for  PRESSED  STEEL  CAR  COMPANY, 


PITTSBURG.  PA.. 
U.S.A. 


6.    Clements   Lane. 

LOMBARD  STREET. 

LONDON.  E.C. 


namrtacnirert  of .  . 

PRESSED    STEEL 

WAGONS. 
WOODEN  WAGONS 

WITH  STBBL 
UNDERFRAMING, 
PRESSED  STEEL 
BODY  BOLSTERS. 
B06IB  BOLSTERS, 
WAGON  BOGIES. 
TENDER  BOGIES, 
BRAKE  BEAMS, 

AND  OTHER 

PRESSED   STEEL 

SPECIALTIES. 


Type  of  Bogit  Bolster  used  with  Pressed  5teel  Diamond  Bofiles. 
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Cranes 


III  Bi  ■      ■ 


JOSEPH  BOOTH  &  BEOi 


40-ton  Steam  Goliath  Crane  at  the  new  L.  d  N.  W.  Railway  Goods  Yard.  Sheffield. 
And  also  supplied  to  Midland,  Lancashire  d  Yorkshire,  and  Great  Western  Rys.,  6c. 


LTD., 


RODLEY, 


For 

Lifting 

Machinery, 


Cranest  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic   Power* 

Loudon  Agent B : 

A.  E.  W.  aWYN,  Ltd., 
75a,  Queen  Victoria  St.,   E.G. 

Agenta  tor  Scotland : 

THOMAS  HILL  &  CO., 

66    and    68,    Robertson    St., 

Qiasj^ow. 


Ttltgrmma : 


"  CRANES,  RODLE  K.  " 
'\ASUNDER,  LONDIS." 
•  SPECIFY,  OLASOOW. 


r 

s^ 

1 

1^  Ifipi^B 

.-jis^j  ^^^m 

tei^B*^pwr                    j 

^afc^^^^^gj^^^^^^^^^ 

^ 

i 

As  supplied  Co  Crown  Agents  fon  the  Colonies  and  Government  DepartmeDts^ 

62  Digitized  by  VjOOQ IC 


^©ainiailf~Eiectricai  Apparatu^p? 


GREENWOOD   &  BATLEY,  LI^ 

ALBION   WORKS,   LEEDS -^ 


De  Laval's  Patent  Steam  Turbine   Dynamos,  Turbine  Motor  Pumps   and  Fans« 


Booster  >*ilh  Motor  500  voUs,  and  two  series  dynamos,  each  100  volts,  300  amp. 


DYNAMOS   AND  MOTORS. 


LIGHT   AND    POWER. 


International  Electrical 
Engineering    Co., 

Clun   House, 
Surrey  Street, 
Strand, 

London, 


Telegrams : 
"CLUNCH,  LONDON" 

Telephone  No.: 
3227  GERRARD.  LONDON. 


Dundee,  Oban,  Falkirk, 
Qlasi^w,  Hoylake,  Hull, 
■rith,    Ooine,     Shipley, 


Three-phase  Alternators  for  Transmission 

63 


of  Power  in  Manufacturing  V^oPks^  T 

Digitized  by  VjOOV  IC 


^H^^DKllir  Electrical  Apparatus 


Elektricitats-Gesellscliaft,  Berlin 


Allgemeine 

Cep^tal  fuli^  paid  up-  eOOOOOOO  Marks 

Machine  Works  «  Electrical  Apparatus-Works  ^  Cable  Works 
Incandescent-Lamp-Works 


Thf  eepha*e-  Generator 
Type  NDM- 


Up  to 
&0OO  hP 


Continuous  Current  Threephase  Current, 

Electric  Lighting  Plants.  *  Electric  Transmission  of  Power. 

Electric  Railways  and  Tramways*  *  Electric  Central-Stations. 

Electrochemical  Plants. 

Agencies  throiigbout  the  World. 


Yearly  Output  12000  Dynamos  and  Motors  equivalent  to  170000000  Watt 
1000D000  tncandfteent  Lafnps.  xi.  c 
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Telegrams  :  "FILATURE." 
Telephone  :  202.  228. 


The  St.  Helens  Cable  Co., 


LIMITED, 

WARRINGTON. 


SOLE    MANUFACTURERS    OF 


DIALITE  BITUMEN 
WATERPROOF  CABLE. 


As  Supplied  to  the  Corporations  of 

Oban,  Sheffield,     West  Hartlepool, 

Barnstaple,    Wrexham,    Blackburn, 
Edinburgh,     Brighton,       Bury, 
Liverpool  Overhead   Railway,  dc,  dc. 


■o  Central  Station  should  be  without  Dialite  Mats,  or  DIa's  Patent  Safety 
Clove,  for  Electricians,  tested  with  5,000  v.  before  leaving  the  works. 


The  Manaf  er  of  the  Liverpool  Overhead  Railway  writes  :  — 

** .     .     •     the  most  effective  for  practical  purposes  on  the  market." 
S00  Report  by  Mr.  C.  H.  WORDINOHAM. 

London    Office  :    32,    VICTORIA    STREET, 

Telegrams  :   "  FILATTERIO."  131/' IT  ^^XMM  KT  C^T-IT  11 

Telephone  :  4270   GERRARD.  ▼▼  ESTMINSTER. 
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Cables,  &c. 


SDDDEDT8CHE  KABELWERKE  A.-C.,  riannhcim, 

iSYSTEM    BERTHOUO    BOIIEL.V 


Zmtmmn  to  the  Imp^riil  ficrmiiii  Postal  Hmhorilin. 


Silk-Covered 
Copper  Wires. 

TELEPHONE    CABLES 

With  Paper  and  Air  InsalatiDO. 

LEAD-COVERED  CABLES 

F&r  ali  Tensions  up  to  40^000  voJts. 


The  ^  ^ 

Scotch  &  Irish  Oxygen  Co.,  Ltd., 

.  ROSEHILL  WORKS,  GLASGOW. 

Valves  for  Gas  Bottles  and  Aerated  Water  Drums 
In  Bronze,  Steel,  and  Aluminium. 

Reducinf  VaWes.  Keys,  and  all  FIttlnss  for  Compressed  Gases. 


S,  ALBERT  SQUARE, 

MANCHESTER. 


HALDEN  &  Co., 

Arc  Lamp  Duplex  Radial 

Photo  Copying  Frame 


(SHAW   AND   HALDEX    PATENT). 

Architect'A  Electric  Frame*  Arc  Lamp  and 
Lowering:  Gear,  complete  to  print  from 
Two  Tracins^s  40  x  27 £^s    o    o 

Engineers  Electric  Frame,  very  superior. 
Arc  Lamp  and  Lowering:  Gear,  complete 
to  print  from  Two  Tracins:«,  53  x  31  4a  10    o 


ADVANTAGES  OF  DUPLEX  RADIAL  PHOTO-COPYING  FRAME. 

A.— Copying  indoors  at  any  time  where  Electric  Current  is  available. 
11— The  Frame  when  once  mounted  on  the  Pcdtstal  remains  there. 
C— Immunity  from  accident  ensured   by  the   Frame  rcmaininfi  on 

the  Pedestal. 
D. — The  horizontal  position  (when  placing  in  01   taking  out  Tracings 

and  Copies)  is  the  most  convenient  tor  Operators. 
E.— Two  full-size  Tracings  can  be  copied  at  one  operation. 
F.— rhe  glass  plates   can    be    very  easily    cleaned    when    F'rame   is 

horizontal. 


at  Ost  OperatlM. 


Also   at    London.    Newcastle-on-Tyne.    Birmingham,    and   Glasfow. 


66 


Digitized  by 


Google 


fc™? 


Fans,  &c. 


i 


"BIROCOO"  FANS  FOR  8.8    "OBLTIO.' 


"SIROCCO" 

Centrifugal 
Fans 

. . FOR  . 

VENTILATION 
FORCED   DRAUGHT 
INDUCED  DRAUGHT* 
HEATING. 
COOLING, 
DRYING. 
REFRIGERATION. 
DUST  REMOVAL. 
FORGE  ORES,  ETC.  ETC. 


3lso  "Sirocco"  Propeller  Tans,  Furnace  Tronts,  Engines,  etc. 


DAVIDSON  6  CO.,  Ltd.,  rrxrr -r"':' "r '-^ 

'~**'"K?5.!i:TS!!!!£!?''"'""  "Sirocco"  Engineering  Works,  BELFAST. 


«« 


STANDARD 


M 


EXHAUSTERS, 

BLOWERS. 

FANS, 


Write  for  Prices  and  Particulars  to 

THE  STANDARD  ENGINEERING  CO.,  LTD., 

LEICESTER. 


Hullo!  Are  You  There? 


0         0         0 


Do  you  use  Naylor's 
Emery  Cloth  ?  .  .  . 

What?  Rather!  Champion 
Stuff,  isn't  it— May  we  send 
you  Sample  Sheets  ?  Thanks, 
what  address? 


J.  G.  NAYLOR  e  CO.,  Ltd., 

Emery  Mills. 

MANCHESTER. 
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GuNTHER  &  Sons, 

Central  Works,  OLDHAM. 

Til D  R I M  IT  C    Of  the  Host  Modern  Con- 
1  UIl.Dinb9       struction  and  Types. 

Quick  Regulation,  Easy  Working  Gate,  Highest 
Efflcieney. 


Qunthar  Turbino  and  Dynamo. 


New  System  of  Hydraulic  Turbine  Gouernon 

WITH  SPECIAL  AND  EXCLUSIVE  FEATURES, 

Made  on  the  Interchangeable  Plan  by  Special  Modern  Tools,  ensuring; 
Accuracy,  Reliability,  and  ^iiick  Del. very. 


"Gunther"  Celebrated  Fans, 

FOrt    BLOWING   AND    EXHAUSTING. 

All   Sizes  made  on  the   Interchangeable   System,   wi 
Special  Tools,  and  in  Stock  for  immediate  delivery. 


ALSO 


CENTRIFUGAL  PUMPS. 


mp. 


FOR    ANY    8IZK    OR    TYPK    OF 

TURBINE 

OR     PELTON     WHEEL 


Apply  to:— 

G.  GILKES  dc  CO.,  LTD., 

KENDAL. 


TUB 

li 


DRUM  " 

PUMP. 

JOM/nmOM'm        RATKNTm. 


Write /or  Catalo^c  oj. 


P08ITIVK    ACTION. 

NO    VALVBS. 
HIQH     ■FFIOIKNCY. 


Section  of  "Drum"  Pi'mp. 


DRUM 
ENGINEERING  CO., 

27.  Charles  St.. 

BRADFORD. 


J.  BENNETT  VON  PER  HEYDE.  6,  Brown  St.,  MANCHESTER. 


<>0OO0O<:K;iOOOOOCKsOOOOOOO^ 


o 
o 


o 

I    Q 

o 

8 

o 


CHROME  & 

MANGANESE 
ORES 


o 
o 
o 
o 
o 


()H 


Supplied  In  all  qualities  by 

GILDEMEISTER  and  KAMP, 

eobknx-Rbein,  eertnany. 
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iri!A(§MiKIll¥         Pumps,  &c. 


TANGV 

STEAM   PUMPS 

.    .    FOR    ALL.    DUTIES. 

''SRECIAt."      DURLEX 
RLY-WHEEL.,    6cc., 

ALMO     .     .     . 

Centrifugal  Pumps,    Treble -Ram   Pumps,  etc. 

Electrically  Driven  Pumps 


A     SPECIALTY. 

14  X  8  X  12 In.  "Special**  Pump.  


■V"   Jt     Ik  I  AX%#  C  ^^  CORNWALL    WORKS, 

TANG  T  to       Birmingham. 

._  LIMITED.  ^^ 


BRAMCHmS    AT  LIMITED, 


London,  lewcastle.  Manchester.  Glasgow.  Cardiff.  Rotterdam.  Bilbao.  Johannesburg. 


TD., 


W.  SUMMERSCALES  &  SoNS,  L 

.    .     Engineers    .    . 

Phoenix  Foundry,  KEIGHLEY, 

England. 

LAUNDRY 
MACHINERY. 

COOKING 
APPARATUS. 

Catalogues  and  all  particulars  free 
on  application^ 
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Packings 


The  tt 


LANCASTER  " 


. . PATENT  .  . . 


R.  T.: 


METALLIC  PACKING 

Supplied     to     British    and    Foreign 
Navies  and  all  Principal  Engineers. 


•J*    «j*    «j* 


PERFECTLY    STEAMTIGHT/ 

Save  60  per  cent,  of  Friction   over 

best   Asbestos   Packing.      Need    not 

the  slightest  attention. 


WRITE      FOR     FULL     PARTICULARS      TO- 

Steatn  Crap,  SteaM  Dryer, «  Pistoniiakers, 


V  M  Q€%  nr\  Y  4.JI      'KatncraPtMcaMDryeMrFistoniiaicers, 

Lrancaster  Q>    I  onge,  L#ta.  Penaieton,  Manchester. 


,.      MANCHLSTER 


h^.   Mark 


KarmaL 

Ihap^  tiriT]  Hflt  I  cbLb  wAHA  will  j^nq  ^utir  "aciMiul 

CrftTljMieilfrI>B4{.E  drHfAl      4>E.ir(JI  «4LilT3    ««   *i.lii«]. 


.5END  FOR  CmCULAR5tTE51IM0N(A1.5. 


I     PACKINGS     li^^t^     AND     ^J 


PACKINGS 
\,HAtR£€OTTC 


ROKO 

BjEDCE  BELTING 

II  pi«urACTvA»  ^MQiitni  p(j^  fHrLHAinitAAtr.  'btUT  kUtt- 


'"%  fRICTIOMLESSFNGINEPACKlN^ 


14  96. 


&NIGHCST  AWABC^. 


■  JU.TA1fLl       iH? 


tlMHiilfirlW  IHJ 
mm  A  iiiti 

'^TWtl!^     liJ4 


<< 


Auto''  Roller  Bearings 

FOR  MOTOR-CARS,   LORRIES,  TROLLEYS, 
TRAMCARS.   CRANES.   AND  OTHER  MACHINERY. 

SAVING    OVER   PLAIN   BEARINGS. 

70  per  cent,  less  friction  and  70  per  cent.  ie«8  startlnir  effort  compared 
with  the  best  plain  bearlnirs* 

Aldo  BALL   BEARINGS  OF  ALL   KINDS. 

A  ROLLER  BEARING  may  be  seen  by  appointment  running  at  1,350  revolutions 
per  minute,  with  a  load  of  ONE  TON  on  a  1  in.  diameter  shaft. 


The  Roller  Bearing  complete,  with  part  of  Outer  Bush 
cut  away  disclosing  Rollers. 


The  AUTO  MACHINERY  CO..  Ltd- 

READ    STREET,    COVENTRY.  iOQlC 
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Packings 


THE 
BEST 


METALLIC  PACKING 


IN    THE    WORLD. 
OVER    130,000   FITTED 

TO   ALL  TYPES    OF   ENGINES    IN    EUROPE.   ASIA. 
AFRICA.    AND    AMERICA. 


Supplied  to  the  British,  United   States.  Dutch,  Spanish. 
Japanese,  6c..  Naries.     Friction  Decreased.     Power  and 
Fuel    Saved.         Vacuum    Improved.         Automatic    Self- 
Adiusting.    Steam  Setting.    Entirely  Metallic. 


Tc1t^i:ims:  "Metallic.  Bradford 
Telephone  No.:  604. 


United  States  Metallic  Packing 

CO.,   LTD., 

BRADFORD. 

Also  Makers  of 

"poRTASir"  Power  Drill  k  Reamer. 

AIR    COMPRESSORS    and    PNEUMATIC    HAMMERS. 
PNEUMATIC    HOISTS.     PNEUMATIC    PAINTERS. 
PNEUMATIC   RIVETERS,   dc,   dc. 


I      C^MBIHAVMH 


% 


1^  NnilONffAli  IHIIHI! 

lYRMI  UUIIt.mll  U] 


ao.««o 
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Lubricators.  &c. 


MOSSES  &  MITCHELL'S 

Genuine  Vulcanized  Fibre 

SHEETS. 
TUBES. 
RODS. 

INSULATORS. 
VAUVE8. 

WASHERS. 

STAPLES. 


WRITE    FOR    PAMPHLET    AND    PRICES. 

MOSSES    &    MITCHELL, 

70-71,  CHISWELL  STREET,  LONDON,  E.C. 


. . PATENT . . 

LUBRICATORS,  OIL  CONDUCTORS, 

GREASE   CUPS. 


QUALITY. 


16  8-  16  i  16 

Cast  Steel  and  Phosphor  Bronze. 
Sbno    for    New    Gataloque. 

TEALE  6  CO.,  Birmingham. 


W.H.WILLCOX  &  Co.,  Ltd. 

23,  34  and  36,  Southwark  Street,  LONDON. 

PENBERTHY  PATENT  INJECTOR 
For  ALL  Boilers. 

OVER    2S0,000    IN    USE. 


Acknowledged  the  best  for  Traction 
Engines,  &c. 


HANDLES   HOT   WATER.  Will  Deliver  at  Boiling  Point. 

Works  on  High  and  Low  Pressures. 
AUTOMATIC  and  RESTARTING.         Lifts  up  to  22  ft. 
IN    3     STYLES     AND    16    DIFFERENT    SIZES 


ASHTON'S 


SIGHT- 


LUBRICATORS 


Never  fail.       Thousands  Sold. 

SENT    FOR   ONE    MONTH'S    FREE   TRIAL.    

Si/c  i        ,  h  I  2  4  Pints. 


Ask  for  List 


Price     36/-         39r         4S/-         TS/-         110/-    each. 

Do  not  confuse  this  with  the  cheap,  unfinished,  American  make. 

3<    THOMAS  A.  ASHTON,  Ltd.,  Norfolk  Street  Sheffield 

Digitized  by  VjjOC5QIC 
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Lubrication 


"VACUUM"    WASTE    OIL    FILTERS    (Patent). 


SAVE    INITIAL    OUTLAY    IN    A    SHORT 
Prices  from  37a.  6d.  to  £21  each,  with  filtering  capacities,  varyinj 
Largely  adopted  by  gas  engine  and  other  machinery  users.    Invaluable  for  '. 


Closed. 


0.555 
c  — "g  O 

1«  S  <*  d 

in 

OS    eg- 

> 
I 


iS^i 


"B"  TYPE 
PATENT  FILTER 


TIME. 

from  2  gallons  per  ^veek  to  90  gallons  per  day.     (In  three  types.) 
rlectric  Lighting  Stations.    Full  particulars  on  application— also  of  our 

Open. 


«  z 


3 
0 

D 
D 


VACUUM   OIL  COMPANY.  Li^-  NorfolR  Street,  LONDON,  W.C. 


](  AYE'S  PATENT  ^EAHLESSOILCiK. 

|-«r*jni..unt  in  Uip  tJiiTil;  of  Fij.U  EiUjuiry. 

J09CPH    KAYC  &  BO  Pie,  Ltcl<, 

A  Fail  "1  HSlJli  Hiri^ljorn,       H„-**-t-,*     i  -.*-** 
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Boilers 


BABCOCK  &  WILCOX,  Ltd., 

Patent  Water-Tube  Steam  Boilers. 


Engineers  and 
Manufacturers  of 


OVER  3,000,000  H.P.  IN  USE  IN  ALL  INDUSTRIES. 

The  only  Water-Tube  Boiler  which  gained  the  QRAND  PRIX 
(Highest  Award)  at  the  Paris  International  Exhibition,  1900. 


Complete  Installations  of  Steam 

Piping  and  Boiler  House  Plants. 


ALSO 


WATER-TUBE  MARINE  BOILERS. 

ESTIMATES  AND  PLANS   ON  APPLICATION, 


Babcock  &  WUcox  Boiler,  fitted  with  Superheater. 
A  valuable  treatise  on  "  Steam  "  and  "  Ac- 


Head  Office— 

LONDON:  Oriel  House,  Farringdon St. 
E.C. ;  and  Branches. 


A  vaiuaoic  ireause  on  "  steam  "  and  "  Ac-  v%  ^^  ^^  ^^V  ^W%  IT        >A     ^.  T  »^. 

stsSs^^a'sid^s^-uS'rs"''^"""™-  WORKS:  Renfrew.  SCOTLAND. 


n; 


Wliy  have  Scale 

in  youp  Boilers 


You  can  avoid  this  by  using  the 

BRUUN-LOWENER 
WATER  SOFTENER- 

Write  for  Full  Particulars. 


OVER  1.000  PLANTS  IN  SUCCESSFUL  OPERATION. 

Lassen  &  Hjort, 

WorKinf   Model  of  Apparatus.  EngineCTS, 

52.  Queen  Victoria  St.,  LONDON.  E.C. 
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Tubes 


MANUFACTURERS    OF 

Weldless  Steel 


and 


Iron 
Tubes, 


Steam  Pipes,  Hydraulic 
Tubes»  Boiler  Tubes* 
High  Pressure    .    - 


Steatn  Mains, 


HOLLOW  FORCINGS, 
COLLARS.  FERRULES, 
BUSHES*  LINERS. 
COUPLINGS,  AXLES. 
PISTON  RODS. 
EtCM  Etc., 
Quoted  for  on  s  . 
receipt  of  .  .  . 
particulars. 


Tuhes 


FOR- 


Super-heaters 

A  SPECIALITY. 

Contractors  to  the  War  Office 
and  Admiralty. 

Tubes  Limited, 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "Cylindeps,  Birmingham." 
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Tubes 


Thomas  Piqqott  &  Co.,  Ltd. 


ATLAS   WORKS, 
SPRING  HILL, 
BIRMINQIfAM. 


GAS.  HYDRAULIC  and 
GENERAL  ENGINESRS 

#  #    # 

QmM  Pl&nlH  and  CDms^r'Q'e* 
tlonKl    Ironwork  of   1,11 

Colamnc.  Gtrdam,  Cutln^s. 
Weld«d*nd  tllv«tt«d  Siaal 

Plp«B. 

Btunpad  mnd   Bl««|  Aug!*! 
Flangei. 

Bt««l  ChlmnB^B  of  aJ]  «1i«b 

and  dfeilgna. 
Taitktln  St««torCA*tlron 

Fajia   for  iugur,   CftSSftdib, 
aa.^  lor  all  HultftU, 

#  #    # 

14,  Gi.StTHOMAS  APOSTLE 

'  Alias,  Birmingham," 
"  Intenecllon,  London.** 

ABC  and  At Coths u^d. 


Steel  lattice  Girder  Bridj<e.  In  one  span  of  1 15  feet  in  incliH,  n  feet  dcep^  and  13  feet  wide,  erected 

oicr  the  Kiver  Ttmc  m.1  LuUow.  :ind  carrying  Wutded  Steel  Main  s  ftct  &  Intiiea  diameter, 

for  the  Birmingham  Wekh  Water  Scheme. 


THE  WELDLESS  STEEL  TUBE  Co., 

LIMITED, 

ICKNIELD   PORT  ROAD,  BIRMINGHAM. 

(Weldless^ 
Trade  Mark. 

m  uirj^ 

f%i  rp^<^ 

\ 

n    Ml  riB 

Kwft'^^te^Bi^^^^^ 

1 

V   ft  LIE 

#y|-f  S--  '-^   1^ 

1 

The  Orltinal  Makers  of 

PATENT    WELDLESS    STEEL    TUBES 

For  BOILERS 
ON    ADMIRALTY    LIST.                               HYDRAULIC    PRESSES 

FERRULES 
ESTABLISHED    1872.                                  BORING    RODS 

BUSHES 

SHAFTING 
COUPLINGS  d 
GENERAL 

ENGINEERING 

PURPOSES 
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Furnaces 


"•■ 


PATENT 


GAS  PRODUCERS 

FOR    HEAT   OR    POWER. 
OVER  2,000  IN  DAILY  USE. 


SEND    FOR    PARTIOULARS. 


W.    F. 


PLANS    AND    ESTIMATES 
FOR    ALL    CLASSES    OF 
FURNACE    WORK. 


MASON,    Ltd., 

ENGINEERS, 

MANCHESTER. 


Furnaces 


MASCHINEN- 
4t      FABRIK 


PEKRUN 


IN 


COSWIG   (Sa)    Near    DRESDEN, 


SUPPLIES 


T    Hardening 


Annealing  and 
Case- Hardening— 

Furnaces. 


For   COAL    FIRING 

without  BLAST,  with  one  or 
more  Fire-proof  muffles  (R), 
completely  shut  off  against 
gases  and  cold  air.  Complete 
uniform  heating  of  the  steel 
to  be  hardened.  Easily 
handled.  Low  cost  of  main- 
tenance. 

TWELVE  DIFFERENT   SIZES. 


Exhibited  at  the  Paris  Exhibition,  1900. 
Palais  d'EIectricite. 


Agents  for  Great  Britain  : 

JULIUS  a.  NEVILLE  A  CO., 

14,  Water  St.,  LIVERPOOL. 


Telegrams  :  "FLUES,   LEEDS."     Telephone  (National)  1074.     A  1  &  A  B  C  Code*  URed. 


A8HLIN  1897  PATENT  WITHDKAWABLE    FURNACE. 


Dcighton  s  Patent  Flue  & 
Tube  Company,  Ltd. 

DEIGHTON'S    PATENT   FURNACE. 

Tut  Dtitniotlvi  Toitt  havt  provt^  thi  DEMNTON  FURNACE 
to  ht  tho  itroMMt  to  roiiit  oollapto  over  mdo. 

It  is  also  unequalled  for  Uniformity  of  Thickness  and  Easy  Scaling. 

MAKERS    OF   MARINE  and 
LAND  BOILER  FURNACES. 

AwarJ^J  2  Broaze  Medsh.  Vulcaii      WorkS, 

Psrh  Exbibuioa.  t9oo.  PcppcF    Road,  LEEDS. 
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Furnaces,  &c. 


^Oft 


These  Furnaces  are  Made  from  Special  Quality  of  Open-Hearth  Acid  Steel 
Produced  at  Our  Works.  fron&  the  Best  Selected  Brands  of 


^^Jm^fm^  Swedish  and  Cumberland  Hematites.  _  ^^  t^K  ^^ 

"'^'®2S'jUSPENSIONjFUjjSt^ 

"'  Wire  STAB,  AND  AIL  THE  LEADIMC  STIAI***'' 


^''^LZ 


i>. 


GREATEST 

EVAPORATIVE 

EFFICIENCY 


OF 


Flanged  Complete  by  Hydraulic  Machinery- 


*»'^»|o^v^**- 


UNIFORM 

THICKNESS. 


""'^'-Jy&e 


.  tsfeOS  FORGE  COMPAiyy  , 
e  V.te-*'  LEEDS.  ""r,  ^^^ 

^m^  ^\^^  The  United  Slates  Survey  allow  a  constant  of  15.000  for  ^^^^ 

Morison  Suspension  Furnaces  and  only  14.000  for  all  other  Corrugated  Types  of  Furnace.  ^ 


THE   THORNYCROFT  STEAM   WAGON    CO..   L'» 

Makers  of   all   kinds    of   Steam    Vehicles   for 

CoBkmercial    Purposes.  Lorries,  Vans.    Drays, 

Municipal  Tippinc  Dust  Vans  d  Water  Wagons. 

Loads  from  1  ton  to  7  tons. 


ALL   HIGHEST  AWARDS   SINCE  1898. 

TWO  MORE  OOLD  MEDALS  AT  LIVERPOOL 

TRIALS.  1901. 

AWARDED  FIRST  PRIZE  UOOOy  IN  WAR  OFFICE 

COMPETITION  OF  MOTOR  IX)RRIES. 

London  Office  : 

HOMEFIELD,   CHISWICK.   W. 
Works : 

BASINGSTOKE,  HANTS. 


haw^no       Firewood       &**in& 


m      fffEWODD  MacmI^ERV     ^ 


Firewood  Machinery 

BOBS  THB  WORK  OP  FROM  li  TO  80  MBN, 
The  savifiji  In  waxes  alonv  mi^ans 

A  LARGE  ANNUAL  INCOME. 

# 

i«  rrhir  A  T   "  ^^^    GUARDS, 

iJJIL/^J^       HIGH -CLASS    BENCHES. 
Eminently  Superior.  Admitted  B«al, 

"  i      ^ 

SAW    SHARPENING    MACHINES. 
UfilversallF  Appreciated. 

M.  GLOVErSx^]Sii^;.«^  Leeds. 


CAN  ]UDT  i^*^j|n^    VAi^ut 
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Destructors,  &c. 
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IF  YOU  WANT  THE  MOST  EFFICIENT 


WRITE   TO 


STOKER 

Coking  or  Sprinkling  Typo 

Manchester 


MELDRUMS 


ATLANTIC 
,     WORKS, 

For    Lists    and    Testimonials. 


London  Office:  66,  VICTORIA  STREET,  WESTMIMSTER. 


^ 


ti|MMK'Ml<P«<r««iMMK<P«^^1MM^^fl4M^«^««4Ml^««««««««^1^1^^1K«»««^^«MMMMK«« 


I 


» 


fipoDCAtES^WoiiKS 
BiRmiHCHa^. 


TELEGRAPHIC  ADDRESS 

"FLOODGATE'*  BIRMMGHAM. 

TELEPHONE     N?  373. 

STOCK    250.000.   CROSS 
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Hunt 


Brass  Foundry 


and 


Mitton, 


MAKERS   OF 


HIGH^CLASS 
FITTINGS  ONLY 


for  Engines  and  Boilers* 


Engineers'  Brass  Finishers. 


CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH, 

BIRMINGHAM 


Patent  "  End  Sight "  Oil  Distributing  Cox. 


Telegram* 


Ll-^a 


Steam  Cylindci  Grease  Cups. 
^4 


Kdlingbect's  Sight  Fe©d  Lnbricator. 
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Card  Systems 


BUSINESS    RECORDS. 

The  Card  System  is  a  library  invention,  adapted  by  shrewd  business  men 
to  commercial  records.  It  is  the  controlling  and  simplifying  force 
employed  in  up-to-date  BUSINESS  SYSTEMS,  which  automatically 
arranges  and  classifies  knowledge  in  any  order  required,  thus  making 
METHOD  the  handmaid  of  business. 


Oup  Catalogue  can  be 
had  post  free  for  the 
asklDff.  It  fupnlshes 
fiill  Tn  formation  on 
the  System  and  Its 
application. 


The  LIBRARY  SUPPLY  CO.  are  makers  of  Ords  and 
Cabinets  to  well-known  Engineering  firms,  names 
on  application. 


LIBRARY  SUPPLY  CO.,'''"'^'"''*"']:,;^^;^^:^^'''""^''""'' 


Cabinet  and  Joinery  Workj— Walthamstow,  Essex, 


»$^$$$^$^$^^^$^^$$$^$^^$$$$^$^$$$^$^^ 
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%®E'^lHa®^IEIE?      Time  Recorders 

1  'ft  ^j^  ma  ■  H  W.  11 
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m®i^AW(§MlIEIEf       Time  Registers 


This  illustration  represents  a  few  of  the  many  thousands  of  workpeople  whose  time  is 

dally  recorded  on  the  *•  DivY." 

22    "DEY"   MACHINES   IN   USE  AT  THESE  WORKS. 


The 


May  i8th,  1899,  Messrs.  Walker  &  Hall,  Sheffield  write :  "We  are  glad  to  inform  you 
that  the  *  Dcy  Time  Rej*ister.  which  we  purchased  for  trial,  has  given  us  such  satisfaction 
that  wc  are  proposing  to  ad*  'pt  the  same  system  of  time-ketrping  for  a  portion  of  our  works, 
and  we  now  have  pi  -asu'-e  in  handing  ynu  order  f  »r  twelve  more  machines."  And  in  May, 
igo2,  they  ordered  nine  more  michines.  making  a  tolal  of  twentv-two  machines. 


"  DEY " 

Time 
Register 


HIGHEST 
TESTIMONIALS 
FROM  THOUSANDS 
OF  USERS. 


No  Keys,  Checks,  Cards,  Pin  Pricks,  or  Disputes. 
1,500  persons  registered  ip  five  minutes.  Collusion 
favouritism,  or  errors  are  impossible.  The  exact 
hour  and  minute  printed  in  bold  type  on  time- 
sheet.    Compare  this  w^ith  other  systems. 

ENGLISH  manufacture  throughout. 


London  Offices— 

lOOc,  QUEEN  VICTORIA  STREET,  E.C. 

Telephone  :  S690  Bank.  Telegrams  :  **  Countable,  London." 


For  lUuBtrated  Booklet,  giving  tuil  particulars,  apply  to 

HOWARD  BROTHERS, 

TSSSIt  ASftr,;:;^^'.""-"""-"     10.  St.  0«.rje-.  Cr«c.Bt.  LIVERPOOL. 
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Miscellaneous 


Used  repeatedly  by  many  Governments  and  most  important 
Arms  both  at  home  and  abroad. 


TLAS 


ETAL 


J\tLAS  lyi  ETAL  &y^LLOYS  Qo.  L'^D. 

02        Q^^^^      yiCTOPtfA     3'^^'^^'^>     LONDON,     E.C. 

Tele^amsi  "  ALOYAU,  LONDON,"  Telephones  P.O.  Central  2210, 


ALL 

KINDS 

OF 


GEARING 


Machine-Cut 

Upon  20th   Century 
lines. 

No    guess    w^orh    or 
rule  of  thumb. 

Utmost  Possible    Accuracy 

Obtainable  by  Modern  Fine 

Tools,     at    a     reasonable 

price,  too. 

Quick   Delivery. 

You    can    prove    this   for 

yourself  if  you  wish  by 

writing. 

E.   ARNOLD    POCHIN, 

Croff  Street.   Pendleton, 

MANCHESTER. 


HENRY    CROWTHER 

M    jr     Cleckheaton,  YORKS. 

Telegrmma:  '*Cnwiber,  Cleckbemton,*'     ABC  Code  astd. 

.  ■  Wrought .  ■ 
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S6-pa8e  Catalogue,  beautifully  illus- 
trated, post  free  on  application. 

0    0    0    0    Send  for  List  and 
Discounts  free. 

PRICES  LOW.  QUALITY  HIGH. 
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Boilers,  &c. 


THE 


STIRLIN6C0MPANY0FU.S.A. 


(BRITISH    BRANCH) 

The  Original  Manufacturers  of  the 

STIRLING 

WATER-TUBE    0011     C^O 

SAFETY  dUILUK 

THE  MOST  ECOflOMICAL  BOILER  Ofl  THE  MARKET. 

ADAPTED  for  ANY  KIND  Of  FUEL,  and 

for  olthor  HAND  or  MECHANICAL  STOKINQ. 


SECTIONAL        ELEVATION, 


Specially  suitable  for  Firing  by  Gas  from 
Blast  Furnaces  or  Producers,  or  for  utilising 
Waste  Heat  from  Heating  Furnaces.  Upwards 
of  1,300,000  H.P.  of  our  Boilers  in  operation. 


mariMATma   oivkm   fo^   comrlmtk    boilkr-housk   kquirmknts, 
^  ONLY    ADDRBS5    IN    QRBAT    BRITAIN- 

53,  Deansgate  Arcade,  Manchester. 


TELE  PHONE  3098. 


Tele^rans:    "TUBULOUS,  MANCHESTER." 


HOWES, 


Hydraulic    &    Milling     Engineer, 

64,  Mark  Lane, 
LONDON,   England. 


Eureka"  Water  Motors,   and 

Pelton  Wheels. 

Eureka"  Grain,  Seed,    CofTee, 

RIeeand  Tea  Cleaning,  Grading 

and  HulUng  Maehlnery. 
Portable  and  Stationary  Forges 

Electric  Fans,  Cranes  for  ail 

purposes. 
Corn    and   Stareh    Machinery, 

Windmills  and  Pumps 


LITTLE  GIANT"  TURBINES rnrJiSRrTSk, 

Our  New  Catalogue  on  Application. 


^iljpAQMllKlEf    "    AJiscellkneous        J^ 


J.  Fredk.  Melling, 

14.  PARK  ROW, 
LEEDSf   England. 


Iron  &  Steel  Bar«,  Plates,  Sheets,       write  for 
Qirders,  Channels,  Ans:les,    Rails,       Section  Usts 
Blooms,  Billets,  &  Slabs. 

Telegrams  :  "  Legation,  Leeds." 


and  Prices. 


J.B.Treasure&GO- 

Excelsior  FircPoIished 

GAUGE    GLASSES, 

LUBRICATORS, 

INDIA  RUBBER    WASHERS, 
etc.,  icc. 

Vauxhall  Road,  Liverpool. 


Hall  &  Sons, 

Ltd^ 
E2MOIME2XSRB, 

PETERBOROUGH 


We  make  a  SPECIAL  Compoiiad 
Direct  Acting  Slow  Running 

Boiler  Feed 
Pump 

ECONOMICAL  AND  EFFICIENT. 

We  deliver  100  Ibt.  cf  Water  for 
the  expenditure  of  1  lb.  of  Stean|. 
Tills  with  our  2,000  gallon  Pump, 
and  a  much  higher  eflloiency  at 
the  size  of  the  Pump  iqoreaset. 

AN    IDEAL    PUMP     FOR     GENERAL 
BOILER   FEEDING   PURPOSES. 
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Boilers,  &c. 


THE     XCOXCRIN      I^ATEVIT 


"Climax"  Water-Tube  Boilers, 


ADVANTAGES. 


n%  Sortw  Jolitt. 

No  Mitallio  Jotott. 

!!•  PJMkini  MmU. 

No  Gatt  IrM  Plptt  •r  NMdart 
toOM 


It  Ptrltctly  Safo  aad  akfo  to 
oany  Hlfh  ProMorot. 

ProdiMW  SlMOi  RapMly,  oof 
oaiy  JUMolotoly  Dry,  Hot 
SaptrksatMl  to  ovor  80  dog. 

It  to  aoDOiilMo,  roadliy  ropalr- 
afeio,  and  oao  bo  oxanlnod, 
olMBid.     and     firod    wHh 


This  feoilor  oooaplos  Iom  floor 
opaoo,  ami  will,  oador  oqnl 
ooadHlono,  ovaponito  noro 
wator  por  ponod  of  ooal  than 
any  othor  oa  tbo  narkot. 

It  to  a  Mlor.  Fvol  Eeononltor 
(or  FoMl-Wattr  Noator),  and 


Over  500,000  H.P. 
in  use. 


BllflJIDSIiil, 

LTD., 

"Climax  Works,*' 
REDDISH, 
MANCHESTER. 


47,  Vtotoria  Stroot,  Wottntatter. 
So/o  Mmaufmctunn  •  • 


WRITE  FOR  CATALOGUE. 


Telegrams : 

"Heroic.  Reddish." 

Telephone : 

No.  47  Heatox  Moor. 


JOHN  SWAIN  &  SON,  Limited. 

PH0T0-EN6B1YERS  IR  HiLF-TOHE  AMD  LIRE. 


IMACHINERY 
REPROOUCBD  IN 
HIGHLY   PINI8HKD 
STYLE   FOR 
ENQIHEERa'  AND 
MAN  U  FACTURKII8' 
CATALOGUES. 


WOOD  KNQRAVKRS  AND  ART  RKPRODUCER8  by  all  tho  Latest  Mothods.  Three-Colour  Process— a  Specladity. 

58  FARRINGDON  STREET,   LONDON,   E.G.        ''"*  ="*i?I5.'^^rand.  w.c 
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Superheaters 


If  you  use  McPHAIL  6  SIMPSONS' 

patent    Dry    Steam    Generator 

.    .    and   Superheater 

A  saving  of  not  less  than  15    per  cent,  of  your  expenditure  in  Fuel  is  guaranteed* 

Some  additional   Advantages  :  — 

ImproTcd  «va»orallve  effJcicncr  of  the   boiler'. 

Ferric 4 1 1?  dry  steam. 

The  seneratlon  of   superheated    steam  at  a  controUable  temperature, 

ImproTed   circulation  of  the  water  In  the  boiler. 

Reduction  of  wear  and  tear  In  the  boiler  owing   to  the  avoidance  of  unequal 
expansion  and  contracfinn  strains. 

APPLICABLE    TO    ALL    STEAM    BOILERS- 


McPHAIL  &  SIMPSONS 


WAKEFIELD,    ENGLAND. 


f    DRY    STEAM 
PATENTS  CO,. 
Ltd.. 


9^ 


Digitized  by 


Google 


H^MElIlf        Office  Fittings 


VANISHED! 


You  Know  Yo«  HAD  it. 
You  Distinctly  Remember  Having  SEEN  it. 
In  Fact  You   Noted  the  Letter  Particularly. 
Nevertheless,  IT  HAS  VANISHED. 


Yes,   it  is  True  that  Clerks  are 
Sometimes  Careless;     but 


HAVE  YOU  eOT  SYSTEM  ? 

Experience  and  Ck>mmoiiseiise  go  to  Prove  that 

The  Only  ReaUy   Effective  and  Reliable 
System  of  Filing  Correspondence  is 

THE  NUMERICAL  VERTICAL  SYSTEM, 


SOM£  //     « NMitor  tK  CMh  CMTMpaa4*at     \\  SOM£ 

POINTS.       i  ""^  "•f^-Z"'*""  1       POINTS. 


Library  Bureau.  Ud.,  *••  i^o°Nni,t^^^^^^  ^^' 

MANCHESTER  :  12,  Exchange  St.     BIRMINGHAM  :  The  City  Arcades. 
NEWCASTLE-ON-TYNE :  Union  Buildings,  St.  John  Street. 
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Miscellaneous 


The  Attraction 
of  Good  Printing 


/3  (2 


Cannot 

be  4  W  I 

Resisted.    ^^  4i^^\ 


Wc  arc  the  *Picd  Pipers'  of 
the  Printing  Profession. 


Let  us  Pipe  for  you. 
The  Orders  will  follow. 


Send  for  Specimens. 


SOUTHWOOD,    SMITH    &    CO.,    Ltd.. 
Plough  Court.  Fetter  Lane, 
LONDON,    E.C. 


Office  Fittings 


How^  do   you    Knoiv? 


This  Card  Index  System,  eombtncd  with 
The  Shannon  Leiter^Filing  Cabinet 


makes  von  independent  of  your  staff. 
You  cati  look  up  mutters— I  Attend, 
Answers,  Con  tracts,  E  ni^a  j^einenls, 
&L.— without  liu^in^  your  be  11  all 
ttu^  lime. 


Secure   Instant    Reference 

by  using  the 

Shannon    Filing  Cabinet. 


If  you  are  losing  or  maRitig 
Money?  If  you  want  to  be  quit© 
sure,  and  not  have  to  rely  only 
on    an    Annual     Balance    Sheet, 

You  should  A1>OPT 

W  SHANNON  CARD  INDEX, 

Wherein   you   can  gather  full 
Information    on    Hundreds  of 
subjects   in   one  drawer. 


if  fou  use  i  Shannon  Rapid  Letter  Copter*  this  files  the  copies  with 
the  letters  to  which  they  are  answers. 


Write  or  oall  to 


THE  SHANNON,  Ltd., 

Office,  Xattfi,  and  Sbop  fittcts. 
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BASMBKir 


Card  Index 


No.  17. 
Top. 


No  902. 

Book  Case 
Section. 


No.  53. 

Card  Index 
Section. 

5  by  3  Cards. 


No.  64. 

Card  Index 
Section. 

6  by  4  Cards. 


No.  85. 

Card  Index 
Section. 

8  by  5  Cards. 


No.  20. 

Wtical 
Filing 
Section. 


No.  13. 

Base 

Section. 
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Require  such  a  variety  of  sizes  of  cards  that  ROC  K 
WELL-WABASH  EXPANSION  BUSINESS 
SYSTEMS  have  been  arranged  to  supply  this 
demand  by  incorporating  sections  that  contain 
drawers  or  files  which  will  hold  three  sizes  of 
cards,  5  by  3,  6  by  4,  or  8  by  5,  so  that  the  necessity 
of  having  special  cabinets  built  to  accommodate 
the  various  sizes  is  obviated. 

As  it  is  impossible  to  ascertain  in  advance  the 
exact  capacity  required,  we  have  an  additional 
advantage  in  being  able  to  add  to  our  cabinets 
any  section  or  sections,  increasing  the  capacity  at 
will. 

Our  main  sections  are  subdivided  into  smaller 
sections,  containing  four,  five,  or  six  drawers,  so 
that  practically  any  desired  increase  of  capacity 
can  be  obtained. 

Letter-filing  sections  can  also  be  incorporated 
in  the  same  cabinet  as  well  as  any  other  of  the 
many  devices  we  manufacture  for  the  classifieation 
and  filing  of  documents  of  every  description. 

The  illustration  shows  a  portion  of  our  line  of 
EXPANSION  CABINETS. 

'  WE  GUARANTEE  :  That  if  upon  delivery  and 
careful  inspection  our  claims  to  superiority  over  any 
competing  product  are  not  sustained^  or  the  goods  faii 
to  give  the  satisjaction  to  which  the  purchaser  is  en- 
titled^ they  may  he  returned  at  our  expense. 

None  but  the  Vendors  of  the  best  can  afford  to 
print  this. 

OUR  CATALOGUES  WILL  INTEREST  YOU. 

ROCKWELL  -  WABASH   CO.. 

Limited, 
69,  Milton  Street,  LONDON,  E.C. 

BLUOTT  D.  ROBBJN8    -    -    -    Matiagiiig  Director. 
Telegrams:  "OOTYPE,  LONDON."  Telephone:  2403L011PON  WALU 

Digitized  by  VjOOQ IC 


HEYWOOD  &  BRIDGE'S 

Improved  Patent 

FRICTION  CLUTCH 


General  Drive. 


(A  Clutch  foB  all   DHvAB.) 

Hundreds  of  Repeat  Orders. 

Thousands  Working. 

Complete  Clutch  Installation  our  Speciality. 

New  Work,  60  pages.  Free. 


DAVID  BRIDGE  6  Co., 

Castleton  Iron  Works,  ROCHDALE,  LANCS. 

London  Office :  35,  Queen  Victoria  Street,  E.C. 


TRIUMPH 
^  STOKER 

TRIUMPH  STOKER L9 
39,  VICTORIA  ST.,  LONDON 


The 


l( 


MclNNES-DOBBIE 


II 


PATENT 


Indicators 


CiESiaN 

Ma.  t 


EXTIRNAL 

Prcssurb  SmiNO  TV?B. 


-  -  for  ■  ■ 

HIGH    &    LOW 
SPEEDS. 

Tn  two  types  t— 
External  Spring 

and  ■  ■  - 

Enclosed  Spring 

Each  made  in  several 
Forms  and  Sizes. 


SPECIAL  INDICATORS 
for  Gas  Engines. 


Sole  Makers: 


T.S.McInnes&^Co.fLd., 

INDICATOR  MAKERS  TO  THE  ADMIRALTY, 

41  6  42,  Clyde  Place    -     -    GLASGOW. 

London  Offloa.  118,  FBNCHUBCH  ST..  B.C. 


Miscellaneous 


gest  Morft  reqtttreg  JBegt  tTQOlg. 

The  CORRECT  TOOL  for  WRITINC 

IS      UNQUESTIONABLY     THE 

"  SWAN  " 

Pen. 


Three  Sizes,  10s.  6d ,  16s.  6d.,  268. 
All  Prices,  10s.  6d.  to  JB20. 
MAY  BE  POSTED  TO  ALL  PARTS  OP  THE  WORLD. 


a 


1 

o 

o 


3 

> 


< 

K 
D 
O 


S-& 


2     H 

O       0 
«       > 


5 
*5 


Si 


.5 


SOLD  BY  STATIONERS  EVERYWHERE  COMPLETE  CATALOGUE  FREE. 


Mabie,  Todd  ©  Bard,  ^^^^^*^ 
93,  Cheapside,  London,  E.C. 

95a.  Regent  St..  W.;  3,  Exchange  St.,  Manchestep;  and 
37.  Ave.  de  TOpera.  Paids«    ^    . 
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The 


Remington 


Is   the 
Universal   SaVer. 


Typewriter 


It    is   a    Time   SaVer,    a    Labour  SaVer, 

An    Expense    SaVer,    and   a    "Business   "Builder. 


WYCKOFF,  SEAMANS  ©  BENEDICT 

(REMINGTON     TYPEWRITER     CO.)^ 

100,  GRACECHURCH  STREET,  LONDON,  E.C. 

West  End  Branch  i  263^   OXFORD  STREETt  W.  And  all  large  Towns. 


47 


Waygood  &  Otis, 


LTD. 


Electric 
'      Hydraulic 

Belt  Driven 
Hand  Power 


LIFTS. 
CRANES. 


Falmouth    Rd.,  LONDON,   S.E., 

AND 

4,  QUEEN   VICTORIA   STREET,   E.C. 


THE  NEW   MANIFOLDING 
HAMMOND   TYPEWRITER. 


PERMANENT    ALIGNMENT. 

INTERCHANGEABLE    TYPE. 

DOES    NEATEST    WORK. 
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CATALOGUE,  with  full  particulars,  Pos;  Vr—  on 
application  to 

THE  HAMMOND  TYPEWRITER  CO., 

60,  QUEEN  VICTORIA  STREET,  LC. 
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Piling  Cabinets 


DOSSIER 


L 
Y 

L 
E 


F 
I 

L 
E 


TD. 


Catalosuo   and  full   particulars  of 

THE  LYLE  CO.,  L' 

Card  8ystam    and  OfRca  Experts, 

Harrison  St.,  Gravs  Inn  Road, 

LONDON,   W.C. 

Branch  CMIIca : 

OLEVCLAND   BLDOa,    MARKET   ST.,    MANCHESTER. 
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"DRS    TO  M    ff\  O0VEHKMi.i, 


flRW^ 


'■•rr^if.pfUMENTS   HOMt   i  FORMIC  H   RAiLWAVS 


I 


c 


flEMINCBlRKBY&CoODAUll? 


west  Crove  Mill. HALIFAX. 


B 
E 
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TCLErMONE    No.    48    hAUPAX. 


If  it  is  Money  you  Want  -Use 
CARBORUNDUM 

The  20th  Century  Abrasive. 

IL  saves  Umc  :  time  Siivctl  means  money  savetl 

Oth«r<  use  it,  wtiy  not 
YOUt 

\Vr;[c     L'h    r»r    o-jr     A^rtits    Jim 

THE   POLISHEIIS 
SyPPkY  CO,, 

27,    Chancery   Lane, 
LONDON,    W*€. 

TckiLiratiiii.  : 
"CwrnRiv,  LosiKjy." 
WORKMRN    LIKE    THBW,  A  BC   and  Lkhcr  Cckctc%  used. 


British 

Steam 

Specialties 

LTD., 
FLEET    ST., 

LEICESTER. 

Telegram*  j  **  BOSS." 


E.S.HINDLEY&SONS 

WorKs:    BOURTON,  Dorset. 

London  Show  Rooma  and  Stores— 

11,  Queen    Victoria   St.,   E.C, 

STEAM 
ENGINES 

HIGH  SPEED. 

SLOW  SPEED, 

VERTICAL, 

HORIZONTAL. 

SIMPLE, 

COMPOUND. 
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(Urktc  for 
Hlfon*. 


STEAM 
USERS' 


IHCREASED 

STEAMIHG 

CAPACITY 

AJ 

LESS 

COST. 


CAH  BE 
APPLIED 
TO  ANY 
TYPE  OF 
STEAM 
BOILER. 


COAL  DILL  REDUCED 


TO 


/o 


liErEii% 


the  WASTE  HEAT 

in   FLUE   GASES 
from 
Steam 
Boilers. 


E.  GREEN  &  SON,  Ltd., 


Telegrams:  "ECONOMISER.' 


2,  Exchange  Street.  MANCHESTER. 
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HIGH-CLASS    ^    * 


Electric  Lighting  g^  tk 
Engines. 


J 


McLaren's  450  LH.P*  Triple  Expansion 
Surface  Condensing  Engine  w^ith  Dynacao 
for  Driving  Engineering  WorHs, 

Specifications  and  Quotations  on  application  to— 


ALL  SIZES   FROM 
200   to  3300   H.P. 


J.  6  H.  McLaren, 

Midland   Engine  WorKs,   L££DS* 
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